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... bt .. , Ro •• U963, l'"a), Oglao aad Chell h973a,b). O9lao, 
".S.o e4 Cb_ (1913) _ lcIha.~w ... nat' (1915) pecfea-.a. 
nea .. du.t and a. .. 1Gp11cS an lletbocSolop .. /._iqaeI ita ftlb 
aut.i,ioa atadie •• 
fish aD4 •• Uflab a.'doU_ c.-l_ 'n .. dau 
tilth .... anl .. a..-1OS 'of eqaan" •• ell o..c .... ,Id 
cSulag the pen ODe and hall ....... All a w.nL'. _or ... 
U •• etun la DOW .nlbbl. DR oal, on the a,"." nqlllin_u 
of fSl .... ana •• U&..... al, .. ti_ ea bloeDer_sa, .,. alao 
_ the Llnel add'loa, .... _wbtloa ecJ feet t.abaolOW. 
'ya", .. lIia, th ... wora. • .... 1 w • .s..w ... al.o aow anlUb1e, 
the IIOIt bIponet _a ••• belag ,be '.s.o. ..... __ 
.rowth' Sn the ...... of 'tUb PbJltolotr' .. lted bJ Hou 
..,.11 U,1I" •• UOD.l ........ COImOll (1'71, lt11, 1.3), 
C .... 11 ... ILe (981), MtlUJda U.2) _a ~1.' eel Calow 
U98S) .... ll1Sn. th. hpO" ... of a GOIIpn •• ' .. "owled~ 
of flah •• dtS ... put1cNl.l, 1a VI. _un of cSewlo.,..ot o • 
.... 1' ..... cIe. _troU .. ooDcSttlonl, a ... 118 of .,soada, 
MarUbOpl _ '1 .. k JlGroe b ... beea OIgelMd cS1a.lag 'bla pedocS. 
'lb. 8"-_ •• , o'th ... ere the IIIC - .'qa .... _ ftllfUtl 
.uldtlon end IMcS twdlaoL.ovr held la 8 ...... la 1''71 (He1 ... e. 'I ..... , 1979) ••• td .. &aul __ 80cSety R""l,. " .. 1l 
Won. ... lbL.1abecJ 1a 1970 ~ '00-01'1"' .. the aoo • .,·. cole 
III a.-dU_.l .... Doe· (Coa1l1'" .... Ieclt, 1919) •• tbe A111_ 
ftIIh "cit ... ahop held 1a as.w.on in 1913 (Cho ... Il,.., 
1915). ~. pubUoetloD end the Pra • ..,laOi of VIe •• 5'2$od8/ 
__ .......... the .1'hnat .;eat. of flah .. Ih.UfUtl 
DuldU_. Ita "dU. _atralata _Ic .. ta .. d, -.tbocSolOlioel 
eppnMh •• till at,.t ... fOr "*tee a...1cIlPID •• 
3 
'.'0' .... u ........ ...-.... that *104. the •• 111. 
for ........... , ...... p, .... 1 .... ' ... 0 .... IUd"" • 
SIIpO" •• pl.os bOth !It the • ..,eve .4 nlar ....... , .... of 
.., Daion.!It the ... 14. 11lb_'t'Dt 41whlfW .. cey," •• 
• ~ .... feed OIl ••• s.tJ of ... 1.1 _1a111 • .., ftOa 
.rooc ... d .... !It tdoneIu ...... , to M,I, ..... rIO" 0' 
enlaa1 end pl.t .. tet ... 1 .... ' ft.t.a... Anourea with 
a al .. ,81" of extenal epptD4egd .4 WNth pub. but with 
a rah.r 8111p1. .1 ..... ary ayn.. they .... qIl1pped to Setan. 
41 .. " .d ... 1IIU-. proteio. Up14 •• a .. bClhJdr .... aIld other 
ftariena r"liirea for their ,roeth. .umftl .4 reproaonlOa. 
Sloe .. ann ..... __ de D1UOQIDOWt _te P'ocSuoU la the 
fan of IOd .. ~ are IIDowo .. ·.-oDOteUc· ..... 11. 
A .. ,..,1 oj Uter ..... OIl arut ..... r"lOa r .... l1 
that tile _lit 0' "'- ......... fill foo4 .e feedlDt hablte. 
outrltlana1 "<;pl_ftU _ d19l." .. _,eloloar 18 .. 1_ 
Iro. tha 1 ... , a~ .. --tiDo to P ... od.. altbouF 
epp,ea181. dal •••• 1.0 ".UI1I'" oa ~ 10.r orun ... 
troupa •• h .. .-pblpod., l8Opoli. ead alrricl.&1_. "-"'a11 
lOa Orr (t,eo), .. It (t9eo) .. ftabe, tt9eo) Ir ..... IS .... 
... Uol • .or. apW 1910 _ .... Sa. .4 .".,rlUOI. UV-U-
_uS _tIlD01 ..... 4 'flt..u. n8p •• Uwl, Sa lbe ·..,.101oar 
of Or ..... • -.01-.. eI11W .., lIeU,.. (IHO). 0.. tbe 
lea' 20 74t.n tlb1eh p.,.U.lea the ,row'" _ &1._1_ ••• , of 
.tlaUl-.n of 4.eopod oroa.. ... the o.,lUOI.l _s.c. of 
ccuateoe. h_ ;l0Wi ooad&1eub1, -" reft __ .., ... (1''''. 
1910), ZeiQ-a1dSa and ...,.,. (t913" ..... U971h COIlltlla 
U980h 0,11 .d Moc1ut;y (983) .ad .., _ .. _ U9I3J. 
<1 
__ I ... .., •••• p .... ere of "'al lia •• sa 1IIpo"'" 
beSD. SIt ... l.l, aplolW ,.... the tIl14 .., .... » ..us. 
.. l.. ta, ladl ••• tIl.e1, Nt! ..... III 'lIIPseal ............. 1 
neta.. .. -_ ...... pea ..... PI-- (0 ..... D.'lIlo." 
, •• de., ......... ,... ......... 11' ........ ., , .. 11, • 
........ ) .... U .... the -.t OJ I.olall, .... n., tlDQ .. 
..... , of .. pea_1c1 p, ........ III tha ..... tha ...... ...., 
...... flea ....... Of pl ......... u.r 1.,... • ..... , 
••• 1'" .if ...... ' lend .......... p ........... apu. 
tile poftl ...... , sa. _.11 ......... n .............. .. 
... j .... ·l1 ..... . 
'I'M J.I&! SlII ..... 1IIlIl_ ........... .,.W of ...... III 
........ ,.,& ......... ,... In ... , .. , ........ ... 
ap....... lila IDOlS ••• lISa, __ .s. .............. of 
...... PI ..... 'but .. ftt7 wltb .... 'Ult •• , Lit. ",,1 •• 
lila the fl ... lanal It .... 0_1, the ... Uu ........ 
e..e &c1 11 .. ." 8UU., ....... al,... 'ilia PlOlUoea 
1 ............ 1' .. tha ..u.1I _rell' ..... of ........ 
.... 1' 3 • to ...... ,1.. Ie" apu ...... tbe ~ ... 
.... of lllau' ... -'n ..... ehe of the JoOII Of P" •• OI ... 
sa tile pOetl.r.al ...... .till 1_. a. ~ .... Jooc1 
... 11.11 sa the ..... '-11 •• sa........ Ae tile PI'" tlo •• 
lt tlallaallr _ ....... U_., 11 ... Of ...... , t •• .,Ded 
.. _ ................. dItIi ... _ .... 1 ........... . 
• " .. iel .......... " .U .... , ....r1IaI.. .. .. nnwa 
Of tha a til ...... I ..... ' ..,1.,1 ... plera.l .. U .... ' cola 
.. the ...... l .. U_ ... U..u.. .. e..e., ~...so.. 
All SIt the .... Of fUIIM ..... of tlta aerU ... __ _ 
taod ....... U •• " ..... of pea .... pr __ •• " ... 011 tha ... 
• 
5 
........ l,d. _lab plOftAld lafOllletllD __ • quallUU_ 
end quI u,aU.,. .p .... of .. fOoc1 .. ,,', .... of - • .,. ... 
"UiI .... tClopal_lIIfto_. "'12, tU1U_.1955. 19_, Dp ..... 
1955, _ .... 1919. 197., H.ll.1962, D.t1.1'", ", ... 1"2.1910, 
"at, I .. l'1S, ID4 WS.O .... 197.). "'- ...... '" .. 1 .... 
,.1 .... \0 j ... Dlle ., _it p ........ "'a iD 'be _1.d •• 
•• 01" 1 ... 1 .. 10 ...... applleetlOD ... thel. 0 ...... 
1lIb ............ "'.10 ... _la ....... 1 .. 1' .... __ 1.a .. 
• 1..".1 ..... ,u •• "'_ , ... b. lIMn popl, ......... . 
.. • au .M."" ".'iIl, of DR n' ,_,rs '" 1IUiI ... ... 
'''JiIl ... ) ... 1942. the ...... l .... d .,..UPlnt ..... 111 .... 
pbfaf.oloti •• 1 ., Id .... Mel ....... ., the ... u.at .. of 
II." 110" ...... U.l of I11III_1 ... of pr_ •• .u.a1n.4 ...... 
DIl.,. lata.ut .. p .... I. p'" Dart'" ••• good ... 1 of 
WOIflt ......... MP' the pllt 20,. ... f!roa ...... 1 l .... dOn.. 
la "'a .. w. COIIpIUD, "'.11 ta ..... " ..... an "'76 pr ... .... 
.. _net I ..... of "'- Uta ..... -.1h.l. _ .... .., 
ItUilI. "'_ pI __ ......... tbll .... 1D1l~ '" .ct.t ., 
O1.~ ... h.tl.,. ........ '" 1[,_ (1''''). ald.le (1,,,, &llOI'ibMt 
"'. ft ... _.et. of " .. "loa ... fI ....... p ...... ".Idee. 
tho 1MM»1lI pullllUblt .., Itt''''o (1975 •• "''It). c:-. (1"., 
I .... (1''''. Hen.oa ID4 Oaabla (t,,.,, Ill' .10.., ("19' 
.. a ...... _p." of natdUoa of th. oJD4' .... ..,.. .... 
tad' w'th _ ....... ....cau-.1' •• ow (1110) eDl~'W • 
..... 1 ....... ' ,of pa_ .t .... Up -."lID .. pruaer • IJ., (1.3' o.""ll .. ....s, .. OD p ••• " oUUltiOa. IIDII ..... 1'. 
IC ..... (19M' pa .. W the ..... -"., ....... Sa P' •• " 
pl_ InbltS- at tho first late.atS-el COD ......... OD .... 
c:.la. of .. ..M P._.,.. ........ W .. l~ ... l_. "'Ulilb •• 
ODe Of tho .... 1iNda .... 1.... .' .... 10 ........ 
.... • lftOe tho ,...,... of ,t ' ..... (lN2) _ e ..... of £, 
,= , , ..... dhtp • prl $ tEn .. ,. ... __ .. 
..... .. nI'" 11_ ..,. 0'".. I to ...... 1 ... 1 
•• 1", .... wlb staW aft ., ~ta ..... lIi7_a CUU). 
COIlE .... .., (lNt), w.. .. H 4 (1m),. " II. A-U,'''. 1".'. AQUIClP U"', .• 1 .... (1"') ....... A-
(19"'. 'ow (19"' ... lila .. IhJ,H 0 U"') .. r .... (1.2) 
. 
I ... liBel .... at ap.". of .tdl ... -.. 11_ .... OI, U. lIhUh .... 1 ........ ' ... 0.1' _1.,.. IN ...... . 
,.aaIf 1. ,_ .. podl ... I •• al101 to ........ , •• 
~ WI. al80 ..... 1 .... ale _1_. of ...... 1, .. 
.. .... 1 ..... ., .... al .. ...uwa ... ( .... 1 ... 1'''' _. 
1f1ll:... 19", 11..... 1m, .... ttl., ,... .... P.I'II 
• 
ttll, ........ ttll: 
of "",*.., plDd.nl. of 1 .. .. 
1Ill1o the ......... III .... 1111,1 .... _ p~ 
of "_ &!DOt eel '.1"'" __ pngc_s.. Ie .. IIr •• 
SUI 5 U ..... _n ...... tho .. It .. fl., ... opt.. ... 11 • 
... .. _t ,_ .... t. 1 ... II 10 .... _s. p .... II au ..... 
.. .. ..... ~ Sa .. ,sew, _, 1.1Il:s..., .. _ ... 
..... t ... "1~eIItle .... of plOd_ .. _. 8th enl"oIl1 
... < __ eo'(FlIl, ... 0"..... I .... , Ke_n •••• lt70, 
Fonter .. ol"n .. It'" Cr ..... bnu. 1m, .......... , 
I'''' ""a j I. it'" I" !!.~. ma, .. , ......... , ••• it" .. Jt. ... , ~. 1'.' Yl1h. s .. 1tM __ .1tIO, YUlow_ 
••• 1tIO, AU? t I ••• I •• 1 •• , ..... s.. t .. 
7 
... I. It''. 1.2, •••• 1&,.1.2'..... • ••• , •• 1&,. 
1.2, .... Al1.1... ; ....... JL.. I.S • •••• AU .. 
........ I 1.'). -. nnlt. of W .. II .................... . 
.. ".D1U_ of _tal a ........ , •• of .nll .... l ..... Ie 
..... 1 .... ta .......... ." PNU.' ......... ., .. 
J .... 11 ... the flOW oft .,., •• "ttl •• , .. , •• flftl ........ 
, 
...... , I. ' .... ie, • the qaallUeJ o ...... , ..... ,,'el 
tod.... "II qu11_ •••• II" 
OM of tlto ............ ' ..... 0 .. of .... ltl •• l I ...... 
ta the •• .. 0 ..... , b ........... 1" , .... of .1.11_ . 
• " .. 1 ............ m-.r ....... _.," •• 1.,IC (I • •• 
.. JL., 1'.,.). I .... • I&,U".) .. 1I01t. .. I&, (11"' ... .. 
.. 1 ... of &'07""" ... ,..al ••• u vi ....... "11 
nl ..... s.. It... "" 1.ln ... (1"''' ...,1.,.. tbo 
.... m ........... snta, ............ Ila.' ••••••• 
',C?? .'UnS, .. " I.,' ............ putftod aw .. of 
~ •••••. U",., ....... , ........ 1 ... be I." .. fila. 10 
.. 100"" ' ...... ~1'? I- vi ................. . 
hu,nM "Will, .......... _ I ••• wttIl .. I 11 .. " .. 111" 
.. ".,a .... nt .... tSob ... l.u ...... £, h S
'
7 
, ..... "I.'). £, Fe , "eSrl'!9!M!e lid £, ?? ' (~ ... 
.. ... 1."'" -~ ....... " " _ .... , .. ~ U_, 
Sa .... 1 .. S, .. of _ ~ .... pc. I. 
tIIIo .... 11' _, of .. II .U .... 1ftot.Sob e1eo ".1pof 
Ie .1 I, tile ... 1'''01 hqlllInn' of 1 • .,.. ...., 3D .. 
• JL. (l''7IIt) d11111Id .. ..., eJId .... tr .. , of tit. 1 .. , • 
• f CIt 'SE'OP ....... u.a, 1.1), " ......... a. .. .. 
UIM) ............. U •• ) _ pJOte .. , lipid. eutllltl ..... . 
pla04-Upid .. Wi' I. h4d'1 'I". 
'hllle. _ D'*Il'loul •• qalc .. b Of pC_I ... 
..... r.el.ee1 _d"n •• l. 1IIpft_ 10 tbe .u •• ' ,.u •• 
•• .., ..... u ....... lor ...sun_lol the p~lD 
•• cpaU_, ., detertdDlot .1_ plOt.1D 1 ... 1 ... til. 
cUn 10. dU ....... .,.. ... , ............. "", Lee. It'70, 
8 
q .... .,_1 IS •• 1971 ..... 0' Dahla .... ..a "'Iga.o. 1972, 
W ......... 1972, .. 1 ....... 1973, JIIo.nu" ... t. 
1913, Dnblaen _ JUHl. l"h, V.W __ lab ...... It'7Sel 
Col.to. 197", IIQJICOP. 1977, ._a.,.. 1'''' - ....... 10 ••• 
1981, ... _ ..... 1981, AbIMS Alit lt12 .. ~. \ Ch.lIe ~ 
... lIIt _d Ill..., AU. I •• ). 10 thee. lo ... U..u.a •• 
p"'-ID .eqUntIID' •• 1101 trOll I. to IOJ' .. nporud •• 
GUId., .,..lel 0' ,....u p..... ~ •• 1etlou ia "'-
proteID nqdI .. , _I , ... tif' .... ' epees. .,. thOUGh' 
to ... due to dUId., • .no ... _ .. tbI _liqUid proUle 
of , ... p .... 1D IOU ... eel. the ".UbJftHe 1 ... 1 10 .... dle' 
.d ... , ••••• dU ....... 10 1Md1o, b_lta -.4 ... of 
.,...S-tal ..... la. the .'DO .. Id .. quil •••• b Of ,....u 
pc ... (COWl" _ I'oate.. 1"1 ........ IDd 't .. ".... 1t11) 
aD4 .lao the C_lcIeaD p .... ,.......... 1975, *,Ij_ ..... 
19") .... loftlU,.-cJ .. 'allS that the ._. P .. of 
•• oo .aidl .... lab .... IoaDd ___ ... ''-1 .. ( ..... lalla 
••• allO fowtd to _ .. IIDU", ... tit ... "' .... 
PI ... haw .... 11 .. ..,.U'atl" .~" of 1ipsa • 
....... ,baD WIll ... eDtl". "'o"'-tb 1 Upld ltIftl o. _low 
ta" .. Io .. et to ... IIIIequaU 111 WII p.'" etiet (AIIIJ ...... . 
1972. I'oate. aDd .. uct. 1973). the '''' .. id eu,od, ... of 
,,'- lipid 8011 .. _eel U 10'" to ...... SIIponaD' .. aowtll 
..., ... m •• l. _lOfi119 raUouat. U..,.. techd ........ __ 
• At Ct,,,..) -' '."- - .. Ib'-I Ct,,,) ........ ... 
p ...... Dot alP_Ie o •• ' ..... biDI pol,. ........ fattr 
II014e CPU.) ... U001eto eIdd (1112 .). ISM1." eai4 
U.,. 3" I) ...... ...,..'_Io..sd (20* 5 w ,) .. 'aGH .. ole 
-=1d(2t •• w 3) ..... , ... " eIdd. 1ft IT •• ".l .. p~ .... .
1IbGu1d be .. U.s in ..... u_. sa ... a..1 .... (1,.,.,.. 
1'''. 1''''. I'''') ..... « tUdeS th. tbe 4leU .... aSn_ 
the !thy eaidt I" 2 " It •• s • S, •• S • J .. 22* 6 .. I 
~ ' .... r lIoAah ta £, t F'... • ...... ,..lta tl ... 
'*" Obtain*' bf 11'1. tift .. ICleI (t,n) AD !,. Ibe 
.,'1 • I .... 1. of the 'tbJ _*, au • WI" 22 * , w S 
... ba" to '- I •• in the cUet of ~ J ...... (a. __ 
a Jl,. I''''), 
" ...... allO 1& • to raqatr. _ten .. 1 .. 0 •• ill 
the 4ift (" .............. . It 1911 ......... 1M ..... ... 
a., 1911., ••••• 1"1), ................... . 
Unlb) • vatU ........ f, t 27_ 4IDUW ,*U ......... 1 • 
• Itonerol ... .u. .. ~l to ... ant I , ... a I"'" ,. 
thol ...... l. ..... on the u.., ftlue of 41f.~.' .... ..,. • 
.,. ....... (1982> .11'"'' the ...... u. path • ., lor 
the aonwnJoe of C • _ C • ..,.,18 to cbote.wrol Sa ..... 
~'17 ~ .... (ue •• 1 .... 1>. ... ) tawnIO.I" 
tba ro1. Of pbosipbol1p1c18 ill ~be u.. of PJI_. 
the maulU .... 1_ of eatQ: 1It11dr'" ill the .... of 
.,. • .., ........ 10 ... (Coa, •• I'oa-'u, 1971, J'oeet.c aid 
At" D"- 19'71, S1c* an1~. t9'r3, DeIIlt.n .. Y_.I'''''' 
Abltal R •••• a.. 1919, All .... AU, ltelb, •••• 1 I&. .,. 
I •• , Alawe .. p .... II. 198" .. 1:., tbllt pe .... pr_. 
10 
...... u, at1U ... u .... 1&Ie •• pol,.eodtuidee ... c .... 
......... idea. A olldlClltJd •• 1 ... 1 of I to ..... __ 
.au •• W lD tile 4Mb of peM14 pi.... .. ,.L. of .. Sao. . 
..... • -.ut'"l".". .... ill .. 4iet of p ... taM aJ.eo __ 
lft .... it..... repoctilll OIXIfl1ftle, J'elQlt1 CIa .. IOle of 
'" ............ An the 41ft. ..lle Iti~ .. ., (1971.) 
baw 4s Wlnn." "' .. IIIII4lUOll of O.5Z' 01 9J ....... ill 
the cUe\ SllpIOM th. polllh of £,. 'cnam, IIMbSMn -' 
It .... (19'Mb) baw polDte4 OQ\ thet l' 18 aot 0 .... .., S. 
the diet of the a_ pr ... Ito .... ,. Veltbus ....... - .... 
AU (986) Gl:lHrwd poIlU_ 110. Pla.oUDg effeat of 'lu:. ..... 
An til. dW of £, ,at,·" AlNl'lOD o ... 11'111010 to tIM 4iol 
U ICed to help be~ .!l ..... of DOt,,,a br P'_ 
(V.II ............. 1911e1 .... 1& aI.. 1180) • 
••• , ... , of eta 1M ......... Ie .. ftet of pr_ 
... iD"'UO ..... br ...... 1 __ ••• 11Mb ....... Itwo1Il 
h976. 1979) ..... __ thn "'. jUuelleo of ~ ,_h ... 
reqU.lo .,.lOOO III of .... 'blo 1ICdA .... of ....... ""00 
119 of Jaoel_t. 6-12 III of \hi .... -' 12 III Of ppS" tl •• 
pee 100 9 a1et. LI __ ..... (19". 1''') .... thet ..... ddo 
eol4 ctef1eUDCIf eould le.t to 2 1.111 lJillpt.ns Utloak de.) 
ill £, .u.P'gPH .. r, .hl...,,", ItSUIh., .... I ... 
(197Ut) ..... ...,.lerfted 910-- • !, ,= am ....... th the din 
b ••• 1 Vl ...... ~. ~9 the __ -.0110 fWIoUoD. 01 "'t ••• 
la CIftItUI"!I. ~Ib •• (l,.) IIPOIted tibet ... of the • P04 
ft'_'_ ... nqa1re4 • the dt.b of pn n.. Althaq" .... 
ftt __ P WlNld be penl, .11 .. ad. it .,a1d elao be .,.tbee1M4 
br the .wade ' DOll ........ 1. lb. _le of ft ...... It ... JIOt .. 
11 
u ... t..-lnie iD ... epeole. o. ........ ..11. the 
ftt .... A lI1~t Dot .. __ tiel le p .... aleU, , .. p .... or 
P ".01 ........ qah" iD \be aie'. "'- p .. __ 01 ~ ... ot •• 
.......... iD, ................. le •• e II •• IIIIU.-ct ia r, f· 7 '.' 
(ltitllf_ .It..tl .. 1912). the ~.oe 01 ~ic1I ia the 
pi ... d .... 10 ...... pi .... , ..... III .... fIR IJU-.a bf fO .... 
.. 11111'-1 (1911) ., .... ,., ." .loa .. (It7l). 
ID \be 0 ... ol"',ala, ..... , .. an 17' of •• 101_ .a 
....... OIOU le the aMt 01 r, '_Me (DeehiMIll .a Yo.e, 
1911., D ........ JL., 1911, lti'eI:Ih.,1IIh1 • u" 1971.) 8Dd 
£, nt • (K,..,. •• JL., 1972, _ •• art I&~, It7S, "_" 
lOa ColriD. 1977) woe: .'aJW ..s ..,,111; renl' • .,. obteieed. 
n VII a •• autlated that pi ... ooulll Ueorb oalow. he. ... 
...... • I a oUr '-_'" • JL. (l91t) ,eported ,be .eqll1n •• " 
o. 0.10'-. ........ ou, ...... , .. pot_d_. Gower. 1r~ .4 
_~Ine .. Sa the 4," of ~ ton ... . 
lD 1od' .. the Salorlhl101l 011 p .... D1IU1UOD 11 rel'-'_lr 
le.. • 0CIIIp .. 4 to thee ..... U ... le CD fSaBah a.rit1oa. Molt 
of th. __ "at.. CD the Iood end teeaiDg ... 1 .. of P'''' hwe 
"0 .. dub, the .-na of ..... 10Gi0.1 Sa ... ,,,.ioII of the 
epeeiee (a.l. II", p_a»_, usa, CIope1el1ri __ ., 1152, 
P.DIIIr ., "-DOD. 11M, CIIoqe, 19Si, 19", lac ...... ,. 
190, ..... L'~_. 1911, -.. 11.7, ___ --. I 1973, Ib ... . 
1972. 1980). AI~II_ ........ aU .. h ... _0 ........ .,.. .. 1c1. 
teea OD a ftlrs.., of pi ..... _t-al _,enle_ .d othe, 4.ul,. 
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L_ .. (1.5) u £"2 '" £,. UZ .. hi'" • ~ 
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ID __ pe ... ", ., .. , ... ,-lfJed pnqlu .. _".. 
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__ of dle-nUtlUtJ. prneu .ffietll., .nlo ••• ProMs. 
UUluaUoD. alol09Se.l YI1_. lIo.tIIi _ food laatU8ioa •• 10 
en the p.-... _ 'M'... tbI the flln ,_ •• hll;-' 
wre .... to •• 1n1 .. tIt •• ealill'. __ .U. "tro, • Sa 
the .... ItIr IHdUt lIdO ~Sa cSs.-.. the abIe"_S._ ...so 
- .. ' .... 1 .. ClMat..4 •• pne.W lD the folla.S8t .... lo ... 
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,_ ~. fl __ " of .iIIa1 OCl • .ad four .. n of plen 
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.... dal. ar. 91"" be10wl 
1. AD III (ew) .. AU .1 ponJoa of .......... 891 
... tM.laet ". .... 
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PI21,PS., f~al, .. U. ahd..-, PI PS ... pr_ ... te .., 811Jtwora 
29' 30" papa n8pectlwl,. 
-
.ffl.c1eDcie. 
of natural 
Prote1o 
ana PS31• aa Ded four cUna CIOIa- .ourcea. 
_a'Dee! pleDt p~18 ... 
tedab cocoa'" .'-,118-
tell, caJce,~ aMI 
..s t!'tt!U n8peaUwly. 
All. COftta1Ded 
... proteiD.. a. 
15'" v1~ CIOCca'" a.- ... 
to,..l.... lD 0 ; 'o.\1aa 
w1~ fl .... al ~ .. ap 
the prote1o _tea __ 10 
th. 15.... 't1P1oIi. pDiId.r 
... usee! .. the ""Ift of 
ctarlllQbycJr..., "'a d1eQ 
wn lI",rt_laaall, _1 __ 
oed bf Idd10I 11pt.d (flab 
011), YltealD .... alaer-
al aldara.ChrOld. ox1c1e 
... iDcluded _ ~ ~ de-
-ralDe Via dlgenlbtU.,; 
polyriDyl alcohol ... usee! 
.. the biDditr. 'lb. cell;oei-
_. of ~ die_. 18 PIe-
•• ted 10 Table 1. 
'to fonulete .\Ilia llOUp of 
d~, a li1lchIa of __ 1 
protI.1a soua .. (API) .., 
•• ., lIlxture of pUn 
prob18 8OUI'oea (PPI) WR 
prepared fint. the APS 
aidur. aoah' .... cl_ 
-- powd.r ( 101'), f1atf" E a1 
InluUaa 
of __ l 
_. pl., 
proteie 1Ilx-
'un. ill 151. 
ffer .. '
oo-btonIOlt •• 
(3""), ""18 ehrlap(.), 
- Pr .. __ • (.).aa . . 
PP8 Illxhr. COII'deee! GO-
COII'* aake UO%), 110 .. 11, 
... (30!') aDd 9EDla&lu' 
aU. (<101'). 'lb. APS aixhr • 
.. 15 ~ PPS lIlbture .. f. 
~ ..... 10 th. d"" ... the 
rat. 1311 ~ '11. wile th • 
..... p~1o 10 the d1eta 
yoW fl'Oll 51. a", to 35.5'7% 
a •• leta .. re balaDCIed .. 
1a the preY10ua .~r'.'o'. 
lb. aa~sl'1oD of diet. 
18 11wa 10 I'a!lw.a. 
-------------.. -----_0------_, .. ,---------------------------
1 
alOlpvu 
2 
..... s.-
... 'P. 
I""'D I'..,.. 
30 
• 
5 
• 
I • 
Ylt..sa II1Jrtv. we p~epullC1 ill the l.-e-'Olf bf ablnt 
the lacU91duel 91t"'.. Iber _e. 1I0GpiIiI &no ... e 801able 
_ f. 801_1. n,..s... aDoflll91ft, thl_t .. , ar_lMIOb.l-' ••• 
foUc .. 14. ctloU ... d'llodlte. ...a~ltic eei4A'tn eet.,bl MI.e 
_14. ..1aoUa1c .. ld ••• 101_ p .. tottt. __ .d p~I4odM _c. 
pa qllC1 .. ..tee 801ul. 91t.t .... d ~111, f3 .... C' •••• 
_ed1oBe, d...."" a ~.belol/ &Doel_l eed oelolfecol .. f. 801_ 
Itle n,_.. At the ti8e of "'.s"9 .. th the dlet, tbe fun 
p 4 of 91'..sa. _" db_I ... 111 ... ~ IDd 1.tee 91011p 111 
aloohol. '!be .. oa.i'i_ of the 91t_'", __ b p~ __ tIed b 
'Idle 2 .. 
• 
"",.1 ""'" 
') 1 
,) ... 
the •• re1 lIblbre .. .leo p~epue4 ID the labontory • 
th. IndlYldaal nlt •• ,•• 111'ed, _s..a t,-, ..., he. _lied 
la ... lag blaDder. th •• bture ... ItOred ID pol"" .. CIOIt-
t ....... waUl.... the 0' I,MiUoo of th ...... ,.1 llifture ... 
Iho.a III 'able 2 be 
r.-,,'· 9f RIc"'., a. 
1_ IIlglediaDt aae4 ID Ionulatlag dSeU ". MPe~ately 
powd.red IDd elewcJ tb~ 250 ... croo .t.v. mb. \l8l11g ID the 
Plep •• UOO of d1etl. th'''11 .01Gbl. ftt ........ ,. d .... ol_ 
la .... ~ IDC1 f. 101Gbl. ft'_lII' u .lcabol. Yh. eoU.a ... ;r:e-
diaDu, iDoludlag th. ",.,.1 lIbtun _d chlc-iua oxide .. ~. 
fill' .s .... togethel and bleDded thoroul1'ly ID • .leatdc.l 
9U"', biaDdu. Yo thl., ClOd U .. r oil was eaded _d farther 
1M 1,.rUed the diet. th. btD""1 (agar egar 01 .Od11a .lguate) 
.... 018101_ u app ..... l' 40 .1·of " •• r (lor 100 9 die') 
h.ded to IO-,oec. th. d'-' .lx'ue .., ft, .... 101uticu .. r • 
.aOed to the blndelf IOlaUon ana the tot.1 d"" .. prep_ad 
lDu .~. It ... then ... ....s for ....... ute8 _d .-,Med 
1ft • hancl pall.UM' aaug 3 _ dl .... r ..... 'l'h. peUau .. r. 
eolleete4 1ft •• alt..,l. ''',f .-u! dr1e4 ID the ...... eoec lor 
12 hoar.. 'l'h. dIJ pellau .. ,. bro1ten IDto .. U p1eae. (2., _ 
l.ngth) !lid paaed la polyth.. cowr.. 'l'h. dt'" wce .tored 
1ft 4eactloetoc until uae. 
!be tntndieDU Wh ladi91duelly pcNdered (appcox!utely 
250 lderoo) !lid wlgbed aaoordiDg to oo ... oetttoa of the d iet ad 
... ~ 'o",*ther. 40 .1. of vnel (Col l00g of dt.,) ... ta1reD ead 
: 
!.Ie 2, C n"!' (alJQAI) ., .. _ta ... "" PIo' n l , n •• 
EI,.4 " •• 
0 . I. I • • •• 
DSft -0-
la.,.as." E a • 
··0 "S "2 "s ". $ 
A1lM1 In 'en) · 0.00 fO.O 
- - -
C ... iIl (f. the) 0.00 
-
to. 0 
- -
ftIIIrill (Itlaoa) 0.00 
- -
fO.O 
-
Gel.iIl 0.00 
- - -
fO.O 
""D •• 15.1 ... ... ... ... It.- 15.0 M •• M •• M •• 2 ••• 
Cod 11.,.11 .. 0 .. 0 .. 0 "0 "0 
en ..... • • ..,.,..l.ddl 0.1 0.1 0.8 0.8 0.8 
Cbtll ..... 1 0.1 0.1 0.1 0.5 0.5 
1Oti_ cit' •• 0.3 0.' 0.3 0.3 0.3 
1tII ... __ iIlete 0.' 0.3 0.3 0.3 0.3 
V1'. s • ....., •• 2.1 2.1 L' 2.1 2.' 
lUaer81 1WIhr. • I.' I.' 8.' 8.' 8.' 
C.Ual_ 1.5 1.5 1.5 1.5 6.5 
'01111_ 0. II ... 1.0 1.0 1.0 1.0 1.0 
CbIOlll. ~de 0.5 0.5 0.5 0.5 0.5 
At ..... 2.0 2.0 2.0 2.0 2.0 
• '!h. ClC COil'" 0' ri'''' .ad ...... nl ..... re 18 ......... 
'.1, 2a .. ZIt .. 8peOUwll'. 
• 
.,.11 ie, C PF"" of "'"'. .-FI 
,., _.1 .• '., .. (111000 cUn) 
".,an1o .U 2.000 
CIaoI. ••• I._ide 0.120 
Sf •• nl: .a...... 0.00008 
roUe .U 0.010 
llooUD1o .u O.MO 
P ....... 1o .. 1d (C ......... 1') 
PU_ .... _.ict .w 
PJI'UOx1ft. bJdcoahlodcSa 
IlDofl..",.. 
'1'hl"'". bJdrMlorlda 
0.010 
0.010 
0.0120 
0.0010 
0.0040 
.1ot1ft 0.00004 
# -e.0laD. 0.0096 
Celcllerol 0.0012 
~ltol 0.200 
MeaSloD. 0.004 
~-I06cpb".1 0.029 
C.lel_l ..... 2.12 
"t .. l_'~ 
o .... 'b_'*_ 2.00 8011_ 'u.,d,Clgl .. 
0 ...... ,.. ... 0.'19 
-, ... a. eel"" ... 3.02 
-_,Ill'" _1.", 0.00f 
,. .... _lod'. 0.015 
",1ft I. C mba. (11100') ., the w,ud dilM as. n6~ 
a., ..... ", • n lO• 
I I I 
DS. ao-
lelleas.a • 
'·5 ", P., p .. ", P·10 
••• • • 
AUla In (ew) 0.00 10.0 30.0 to.O SO.O 10.0 
Co&. 11"'011 .. 0 6.0 6.0 6.0 .. 0 6.0 
... ".. 16.' 11.0 8.' 5.1 3.0 0.' 
., ..... SO.O "., 33.2 22.3 1I.t 0.' 
'I1,..t.D lib * 2.7 2.' 2.7 2.' 2.' 2.' 
Mia ... 1 lib * 8.' I.' 8.' I.' 8.6 a •• 
ChounelOl 0.5 0.5 0.5 0.5 O.S 0.5 
G1..,..toe 1tC1 0.1 0.8 0.8 0.8 0.8 0.8 
~t_ oi"" p.3 0.3 0.3 0.3 0.3 0.1 
Sods.. noaillne 0.1 0.3 0.3 0.3 0.3 0.3 
CeU"lue 
-
0.9 t.5 8.2 11.9 15.5 
CbcoIIt.Ia oxide O.s 0.5 0.5 0.5 0.5 0.5 
8oc1i_~ 
.ar.,. ... 1.0 1.0 1.0 1.0 1.0 1.0 
Afar .... 1.0 1.0 1.0 3.0 3.0 3.0 
• • 
* Wi'''''' ..., .... ,.1 ___ ,esw,. ._ ...... sa ..-d. ... , 
('I •• 2. _It a) 1 
• 
Mle •• c piS" (plt99al II"" M " "" ."" "U' "12' 
lIt3' "I' ssG "11' 
•• 
D~.o. 
lo.ed ..... 1. 
"11 Pall JIll I'll. "15 
•• 
C.-ill 'fa "' .. ) ».0 30.0 fO.O SO.O eo.O 
cot 11 ... 011 1.0 1.0 1.0 6.0 6.0 
..... U.O '.6 5.' 3.0 0.' 
.... .... 33.2 22.3 11.' 0.' 
.1l .... 1dx • 2.1 2.1 2.1 2.1 2.1 
IUaeral lib • ••• ••• 8.6 8.6 8.6 
Cbeleetenl 0.1 0.1 0.5 0.5 0.5 
Gl_ .DellCt 0.' 0.8 0.' 0.8 0.8 
I .... 'Ude 0.3 0.1 0.3 )0 •• 0.1 
aoer .. _ ....,lD ... 0.3 0.3 0.3 ,.3 0.3 
CtU.10le 0.' ..5 8.2 11.9 n.5 
led ...... "' .... , 
........ 1.0 1.0 1.0 1.0 1.0 
Chn.l.odde 0.5 0.5 0.5 0.5 0.5 
At- ... 3.0 3.0 3.0 3.0 3.0 
• 
• ., ..... ed ...... 1.11l1ftu. _Ie ._ U uea ... ...,.1at •• 1 (t.1etI 2. •• a) 
,tNt L S M"'· (g/1QQ" " th. purl"", 41- PIlI' 
"17' 
!!.lSJlt,- 1110- DUa 
-- D12' 
• 1 •• 
Diet 110-
IDODU.U 1 • patt "17 '118 PIIlt "20 "21 Pin 
20 30 20 
- - -
10 
C ... Ja 30 
- -
20 3D 
-
10 
fSbcSa 
- -
3D 
-
20 20 10 
o.l_Sa 
-
3D 
-
3D 
-
20 10 
IUClO. ... ... ... ... .. . .. . ... 
..... H.' H.' M.' 2 ••• H.' H.' H.' 
Cod 11_r 011 .. 0 "0 "0 1.0 e.O 6.0 e.O 
V1' .... lib. 2.7 2.7 2.7 2.7 2.7 2.7 2.7 
IIlMr.l .... • • •• '.6 ••• ••• '.' 8.' 8.6 
Cbol ....... l 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
0l"",.1IC1 0.' 0.' 0.' 0.' 0.' 0.' 0.8 
IOIU_ ate ... 0.1 ·0.3 0.3 0.3 ~J 0.3 0.1 
IIodl_ -..cla_ 0.1 O.J O.S 0.3 0.3 0.3 0.3 
Cellal.,.. '.2 '.2 8.2 8.2 1.2 8.2 8.2 
8OItl_ 1l~.D 
...... 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
aodt. e1gSa ... 3.0 1.0 3.0 3.0 leO 3.0 3.0 
• I. 
• I'IiMr.l _d .. ,.te Idxtac.swer •• __ -' ta apers..t 1 ('fabl. 2. eDd at) 
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RATiO OF ANIMAL AND PLANT INGREDIENTS IN L lET 
Figure 17. Effect of t he ret i o of an i ma l and p l ant prote i n 
s ou rce s In t he die t on (e ) di ges tib ility. (b) ne t 
p e o t e in utilisat ion (N?U) and (e ) biolog ic a l value 
( BV) In j uven ile ~. Ind l c u s . The v a l ue s i n paren -
thes i s are pe rcent cr ude p rotein lew 1 in t he d i e t. 
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balance 1n juvenile ~. Ind lcus. 
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7C 
"w (1976), .11. reY1ev1ag the dietary studies of .hrilllp ad 
pl'ftD. eooc1u4ed that the proaiD iD the diet of pee .. id pra._ 
U •• ~tweD 27 _d 35"- la thb cootext, ·the d.ul'1l1DetiOll of 
.PV _d IV _d .1.0 the proteiD b.1aoce, iD tbe proteia reqa1l'e-
-'t e]lp8rWeDu in the P" .. Dt atudy, offued !NCb IIOre iDdgbt 
loto the WlCler.taading of the dietary pl'ot.lo _d the '*POll" 
of the _J.8ala _ it. &n of all, the l'.au1u bal! lodicatad 
thet .u the pal'1fJ.ed prote1Da do Dot b.... the ._ utiDg of 
b101otia.1 •• 10.. IwDtboaF fibl'lo b .. the higbeR IV, the 
powtb of _1IIa1. lid vitti the fibriD diet _d iu JCa vere 
lowl' the th~ ltd with the a1}j1 ID diet:. iDc!1aatiag that 
au...an should be preltrnd 10 proteiD nquil' ... t stucUe.. "' .. 
th. nitab1. protelo aoan. 18 .. lac1:ed for prep.riDg diet. the 
aa10rifia •• 1u. of th. diet play • .a t.po"'''' 1'01& 10 detel'-
lI1D1nq the proteiD nquirec! iD the diet for the raa.~t ani_1. 
la the pre ... t .tuI'ly the diet: with 2. proteiD (All I.) g ... 
the be.t pel'fOr.ance. tbia diet had 31" of carbOhydrate .ad .-
of lipid to prodd. the "el'lf 10 th. diet. Higber proteia 1e".1 
lovued the perfor •• ce of the diet, _d allowed eob-.ced .. 81-
1I11etiOD of dietuy proteiD. 1ft the .. dll11ated proteiD va 
not utl11Md for thaue growth. 'lbia 18 clearly l'ef1aatad bJ 
low powth, low ft. _d low IIPV. Coo.aquatly, the biological 
y81_ of th. proulo c_ ao.a. la tile _t.ala lid vith high 
proteiD diet, 1Ibiab bal! pl'opol'tlODate1y 1 ... carbOhydrate, the 
... J.II11ated proteiD..., be biologically Os1di.ed for ..e:abo1ic 
eDulf. fte de.a1DatiOD of 8II1D0jICid. IIDd their subseqUellt 
oxWatiOD D_d extra enel'lf aDd thereby the growth of th. _1_1 
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"'ttl .1' ., ai_tHan diflln ..... __ • the .... ' liD the a = e i-
1MIt .. ta .... tiM .... 1 ......... dI' .itDia. .. U, .... per" • u 
u C,'ef.. .....i .......... Ct,.) .... a .... o •••• t .... 
.. • UI to..., ... P .... s. .qak __ o. £" pI g-Delbi-
........... 11&(1 • .,. .. 19'711) .......... o. ft'''' II .... ai. 
'SO)_ ... UI ne.) to ... ., .. ..."t .... l .... ". • •• f 
..... p .......... _1 ... ni' eot .......... lr ...... wi" 
.... ..-l ... ,...... p ... 1t n.., ... to ..... Ular .... ill 
... p." .... of .. 0 ...... u _ ... ' ..... 110 •• ,._ .. ldh •• 0'''' 
...... n.., ..... , ........... " 11 ........... to ... a __ • 
• f lUi ..... 1 .. ftb»u. .. 1.11 11 equal plOpO.u.. to ., .. , the 
.... s. hqIIlreIIan.z. ..... 11 11 '"" , ... ~la,.~ FIll a1 .. ... 
". 11 ...... U' ... lorot for.lI ,.,. ... C ..... al., ..... _ 
• n i ....... .., ... ..., _11' _ .1unatl ... . 
1 ... -t.\ prot'" ....... ,pr_ .-to ... U .. ) .... "'-
IlS .... n __ tDUowt .., el_ ....... u(c.)f1Ib ... UJRl,1IIIUI 
__ C.) ... Ulhl •• PIPIC •• ) u the ..... bt .... er ... e1_ 
Nn ............ "'. lien IDea ___ .lOIa laUe 1D1~ .., _tla 
..... ,flIh ....... Ub ••• ,... ....... __ .. ,I .... u.. at .... 
nDllUtJ of p~ 11 .. ft ___ po II ........ " ..... , ...... 
• f the pC."'. of .11111 .n pip' ..... 10 .... the tv of ... ___ 
..... 11 ... ~ ......... of flIh NIl .. - •• U ........ oka 
1_ ... lIta .... lft •• the ... f el_ .... r. a.It .. 1 ... ...u. 
........ "'- _ .at of pr_ ......... UIIIIo .. papa .... low. 
I. _uan .., "'. RIl." .... of el ___ .. *'1I ... ftnh -..l 
.... _11' bi ...... 'Ibe .V of -.lta ..... Mal ... 10.r "'_ 
... " of ......... , _ •• Ib.b' ... ., poe. IIPV. Ia", 
e_ 0' ..s.lepeel ftlue CW) lUIl .. l .. oa til .... tDU-.cS 
.., e1_ ... p. hr, pI ........... ia .rUp ...... . 
b .... e1_ ... __ ........ U, ue4 ...... !Dr 
pI.... ~....... (1''''') nponecJ tile\: .... ... 41ft of 
..... , ... ! « e1-. Irn .'»;9"" .... npedar paalb --
pa.d to oo4a&lecS 4ifta U ~ 'sm' 0 ... ¥iU". CU'II) 
abo .' tIl_ til. IIOalb _ -..Iftl of ~ « UZ 1 .... tid 
witll I PI __ 1, .... to tile .alll a .1eeS 'ifta. hperl. re-
.lIlb wr. «*le1M4 .., _Iter" Baeed (191,. 1''') for 
Pel 2 !'II"" _ill, fI __ .. 1 .n. • ... AU C 1M2.) 
... 11Mb 01_ ... of' de -tpt" • oceuol llal while 
... lullU8, _ plOleill ... dal. fOr r, 'Rd,.. ., .... 4 UIM-
Sor pe."'IIRUI of huh 01_ ... ...., he..., .n.U~. Colria 
(1" .. ) -' • Is.. of II.." .... 1 .... tIl4 pr ••• at UO'5O) 
.. _tro1 11et fOe tile ._ pI .. Iftd k •• r ... Ubl, ululor 
110 .... IIif tibia Ilat. .... ................ U, (19,.) .... rt .... 
..... , el .... U .. Jaal., .... Art ., _ .. lU ..a .rilllp 
........... '101 lIoAb ill _0_ .rilllp £, ."77' • "1 __ .... 
o •• "1 u1eatS. , .. _lel ....... l...sSe. to ...... _n.U~. 
t'ho poor lenltl of II .... el_._ GbNlW4 bf Ab..a AU(1982.) 
__ , "- ..... lail. te. u. Ia tile ..... , ... ,. tho .... or 
(All-' All. 1,.2.) _ .. , tile Iby __ pCMSer of the 01-. 
!ill.'" ..,tR?·~Rp." tile .,'" "'lab .... tho bS .... " 
110 ........ -., food _WIlt. ret10 111 j .... U .. £, &pO,.,. 
t'ho ... lIlti .. -h.1 vltb 01_ ... po eter ill the pl ••• ' " • 
•• ..... 18 to theM ,..1Il'-• . 
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._1 --' pl.' proteSo 80Ueee .ad a.l.UMMa that the p~ .... 
.,.W be ..... 1\111, CNltured OD nata anUSoial dlab. I'o~nu 
.d lead (1913) __ ned that the GIOWth of the p,.. P,1z • 
WI ...... hl..- _en the dlet ODDtab.d _~. th. 011. Sa~ .. 
diaDt. at, ... the enS-l proteSo whlta Bah .al .. OOIIplet.l, 
...... .w .1th .OJ •• ,",,&0. the dSet .... ftIY poo~ nnlu. No....,. as.ell aDd Aacl~ .. (1913) fclaa4 10J._ to be a auparioc 
&at_a.t .... _en it ......... tha eol. p __ So .. roe m 
£,. t ECT Iofbi. pro_So 18 .. a .. hila •• Sa the ... entiel 
..sa.lU. _, the .u1ou pl-' pnteSo .... n.1I. Yao1lete-
c...s .... U971a) I~.I batt_ .uUsat1Oll of p""s. Sa ~ 
= 72'- ... the diet OODtaSae4t _RaiD .. at of ....-.la 
.at'ac. &8So-l14&O _ Corlu. (1976) nponed aildl. anlu 
1D the ... pc .... ID4 Iauac1 tIlat &001 .. 1011 of ria. be. Sa .uSap 
.al .... 1'1 4Uet ..... 0' •• the ~ow •• 
_lIal _ leSa-lWSo (1976) pOetab'ed that .,.aqutla 
af,", ~ .... dSalary _IIpDlleau lIIpiOWta pecm.xaa of tba 
diet. Iat thla .,.. •• ,_ .. , be the cll.ult of ~0Nd bel.c. 
o' ..... U,l DUtriaDt. Sa the nqulnd 1 ... 1 .... .on th. OM 
1nQredlaDt is ued Sa the diet. la', ret $'. DE berpu, 
the nAlta .. a _b npedor "*' ... diet OODtaSoed f~.l-
ao.r ........ ,lIIp .11 (lei .... al.. 1913) O=.,ed to \be dlet. 
hntDt .17 .. ,bi .... ,1 ...... eq3JDtl' •• 1 .... Un.) to.d 
"'at ,be dlet. .1th .., __ •• 1-twI ••• 1 ...... U1eeat17 
p ... , ,..ulu th. th •• iet. 4ICDtal.DlD. col, lorN-. taa .al 
.. _.lap .al. 'Ih ... ..thO •• aaooluded that ." ub, dUf.ent 
b ..... '. (.1IM1 aDd pi ... ) the poe.lblUty 0' ",peOlDbSa, 
opt ____ 0IIC14 bel ... Sa th •• iet ., tn.r ea' tbu GOal. 
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It ... " ........ u., ... _ II .... a_ 0' •• C'7OJ" 
n ') 
iJ~ 
IDd IN C-') ...... IIItbt .... be1pelJ ......... , ._ .1a .. ~ 
__ MOld _1 __ ~.qalr" bf .. pr_, £, ...... ' v. .. , tb18 
PlOl.a· II U_" .. _ PIO~" ..,., ..... ~. tor.l .. 
W "' ....... __ , YM7l1g ,.. 1!K to... Ia tba. •• 11. 
_" ttae...., "'. _ PiO'.a· .... the bl-. •• ' ....... fOOd 
lICR. Low ...... .ad b'- Ka _n •• ,.. _ ,,0." l.wt. 
ao.r __ .. an. p ...... 1ftIet. b~~ til •• , tb_. 
the JCa _ not .ltDla...u, dU".t. tbe • __ ... 1 lila. • 
AD dUe • .... a.et u ....... ClbtelaelS '" .... 4leta -' 
.11-", ~.J •• til. __ Ib_ bf tbe aU • cu..u. ...... 
.... , .. Jlo.'" _qdJ_' cirtaJDeIS ... 18 IIttlilJ, 18 loti • 
•• tile ~ .. reqllli a' ... oun ~ tb18 p~_ bf Col .. C l"Ie' 
.ad _-.d AU CI112e) _ilia _ to_ to .. -. -. .. ~ 
_PI Ie we4 .. __ at ___ letter. a ...... of _,a. ..... 
PlOt •• _ ,,0 ad .'" .... ,roe.1I ICM... .. __ ,.l1I1u 
...... p .... a' .W, •• • ',,'l7lat with _ fta411\J8 of CIa_. 
". ... ac __ ... All Cl,..) ill .eiclll 1' •• ilia. til. 
jaaa&1M of £, 'nd_ ..... .., -' prot.1I ... diet. alial 
••• 11 dJeU. !be pIOl.1I ....,., 'I' lit.,. '" £, .:4,= II tIla. 
II I, u ..., •• 1e to .... ,.o .. ia reqal~_ot ___ bf ~ •• "2_. 
C ........ , un). I, _lie,. CAo4J_ It. •• 1912), 
I, C .. C .... __ Ar.dI • 1973) .4 .180 ... ,)acwl1el of 
!. aln (Jlbea ... ...., tnt). It 11 la.t th., the pcoteia n-
~ 01 ~ t 7 tee (Kat_ ..... M,.. 19'70. Ibl(p tEO ... M,.. 
19'72f 1Id_ til , a1.. 1973, DellI .... 8Dd YoM. 1".,. D ••••• 
--
....... u • .ad CeU .. , 1971), ! •• rq,t1p.y (AtuACOP, 19'78, 
lell, tet, 1919). ~ p' (Al ... a Ls.. 191') ea ""EP-• 
...... (~ .. - Il Il" 1911). 
A! ... _de, the pIIr'~ ,.Ohiu, ... • .. al .itro a 
tv 
... ..., .. ~U .. 17 b ..... ., Ia ... 11 ... low , ..... CUd -' 
1 .... Ia ... f __ • of ••• 1. fed b'''' p .... 1I1d. tIlu"_ 
... ,. ... ! '0 be , ...... 18 1_11 .a-l •• Al low 1 .. 11 of 
p"'. 18' .. , th ....... , .... U_ of ..... 1 .. f ... l. eit-
'0IfD (lUll) ___ a ....... "oport_ of th. f_al altr~ 
(...,..dII • Il" 1t11) . 0_ pd, ... lab •• u •• p'OV .... , .. 17 
1 ......... feec1 ptote. 18.11 180"_. 1, we .lto fOWId 
th. __ a' cUlJlatlb'Uty of ,. .. iD ... _ iD • CNniU •• _ 
f.alblaa .. the le.l of 1l1etd7 protele leon..... -lIdl_ , ... 1-
a _ ...... at Ia r, fA' ....... "'til padftacJ ,.Oh .... w11 
.. the ' ....... 1 p"' ...... _ Ia .... pie'" .,...,. 
Ibe PIO'eIa _1 __ ('''-11), Jan lUll \be a',I'O" bal_. 
(', .. tit) ... _liar tile pllrlfW preMia., WI ... U ... 1 ... 
11'-'., ,nt.iD .... 1, .......... U, ..... .-11 "'''' a ... ., 
,..-. ...... 1, .. ___ pM"'. 8& hi"'a, .",., pntaja 
1 .. 11. tile ,rot •• _1 __ ..... ("a.lI), ..... 11 iH1Saecl to 
X.ul., ......... tat the p ..... ala ('I ..... ) .. _ pntafa .... 1 
.......... proqiD ltal __ u.... til" u al •• , .lIdl_ to .... 
• "'.11. _1_ ....... ("g. tit) ....... " ...... p.a th. 
p .... iD au " 12. _. "" IIld "'th B.9I' ,... .. , ...... u ~ 
1.91' ........ , than the 1 .. 1 o .... pc ..... bal __ , ..... "' ... '" 
.. owlls of ... 18ab. P"", ..... 11 lIIe .... 11 below title 1 ... 1 
"W to taa ........ 9Ifo.ell. "'" ... alu __ .,' .. __ .. UaII 
th_ '0 ........ bl.,.,at .. 0..... th. ,coteiD ..... , iD \b. did 
... ld lie. U"l •• a .. hdtllill " Se .... pc ... ' a .. ) til. 
pnuSe le .. l .. tlbiah the plOtaSe bal_. 18 aeco .... th~ 
.... did _, .... ~ .. le .. l. of .. cIF. the _'-18 baw 
• 1liDS- .. ~tl.l ppUSe ..... 118. foe ...... Sa, ..... of 
.t'al plO ...... of th .... a .,. ......... plOteill foI tIlu pIIIpa •• 
18 ... ,.11, flOll the did. , .. liebl, .... plO_Sa _1_ 18 be-
..sa,..ro. ....... thb diet.,. pcoteill. the ..... owtb ill 
the .w.l 18 pOIl'l .. ,.n1pG doe to the .. alleble ..tabo1uable 
•• CIF ill .... dle' GCID. de a... the .lIIel ... 1 ... tha pcote-
Se a Uttle Se ._ •• of thll _S- nqdr_'. the ..... 
p",-Se ca.l ..... lie ,.U, nUlled IN .oAb catU_cSa, 
bl ..... 0 ....... til .. p",-Se 1.-1 Sa the diet. .. too .... 
Se .. n •• of pcotelD Se the elM, 1Iltb' lie a_Sa, lI_d1b, .. c. 
_ the .,..... tIlee. " c.ul'Se, Sa lo.ac .0..... ~,the 
din.,. ftwdle. with Ibcs.pe _d pi"' ...... (19'71) _QglJll'Iad 
til .. l' 11 ca __ ab1. to _a11ldi "'_ the optt.. poteSa 1 ... 1 
.. ~_ .. pc ... dl.... U •• Se 21.'" rqS.oa. !'be raulu 
__ at.ed Sa the pi"" Sewetl,aUo .. an fuU, Sa .......... , aed 
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DIETARY CELLULOSE W.) 
Influence of cellulose level in the diet on ( 8) 
growth 1n dry welghtl (b ) food conversion ratio 
and ( c) survival of juvenile !:. indlcus. 
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, ... '--1. I' 18 eleo ...,...-i.-. to ... 1 .... "'.- ttl ..... ec1 
.fe..- of plOU ...... , Ih,.. ... in th •• i,-,t pnln'" 18 
....... 18 ._ •• 10 ... ttl. _.u..Sq ....... of __ .. 
itIOl.U-. 
, .. '." ...... , .... of .aall,.. ...... ., •• , .. '" 
~_ • ., (1972). __ ... - ... ala .. W .... 
(1"') .. Z, 2 7M theM ""w. __ 18 .. ~ I.""U 
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.t .. , ......... .,..,.. .... in __ ~lbl. t ,u' of ...... 
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.. ..,,.... ..... nDIUty Of •• r1IabJdr- Sa the "t4t 
lJpid cU.et 1110 ... 1 .. " low 9alue. Aoc1 ..... ftl .......... 
lINer ............ , ... U low lIplc1 ( ... ) c1Sft. lillie 
.. Sa low cU4ltnDlll" ... _ ,.-1, dae to the .lIIlbc 
... au o. -'ebOl1c , ... 1 .a. ahldr •• aphl •• 1 •• u.r, 
the 1I1l ..... of hi. lipid Sa .... dlft _ ... ct'fI.-DiU" 
o. IU...,.'" IM"'~ _ nl...... a. tiM lipid 1 ... 1 Sa 
the dift Sa ledUlloIc1, ....... ' 4",'-0.111" 0' •• rbeer-
41 ... lIan.-J ........ c1 ... "lthen .. 1_ ..... c11ft .... 
.. li,id Sa It. 
H, .. _ ... &. (lt12) ... lle ..... "." .. wi ... ~.2? •. 
... 1 ....... low ,,.,..~-h"" "'If c1 ........ bn.., 
lIfO"" Wi. the poeeD1Ut, of ..... lipid to Sans_ \be 
4ift., ... ,. _II, na...... l' 11 the lIOn Ihfdr'" tlbiAlh 
1bou14 _ ..... lor ttlSa .,.r; ••• he. the ... al\1 of __ pr .. 
Mat 1I .... ""lou, " 11 .le ...... lor .... tme, .... , 
II.wIIl ....... 1CIl, ttl. 4J,e, IIbo1Ilti h ... low ,IOtOSa ... 1It4t-
... atl,or .......... lIc11111 ....... " iIIpol'bDt IIc.mta .... 
,Uafts. Sa • ,ee1t we of pl_ aul._ •••• 1.., .• because 
tIbt aan of • ,I'lftSea1 .... , .en lOW 01 .. W aull_ 0peI-
"10M, ... 4lne& ...... 11, 011 ..... of p-.uoa of the 
ault .... i_le. _ .... 101_ • -JOr porUoa of ... ,£nU-
, ... 
AIJcJ"IOD of _Uu~. t.o 411ft. tltGa.,. did Nt _10ft 
the 1I0wtb o •• _11. belp1 t.o I.alb. SllplOW4 fOOO ...... 
• lOa ,a,o. ... JICR ,1Op: ... l .. 1r .ea ... with tbt 1dtI,,_ of 
_111110 .. ~ .. ..,ea • 10 lit ftl_ lit • cts.t." o.U ...... Of 
tm'. 8110. _UaloM ... liS •• lit .... ,., •••• of aanobJdlato 
... tho ~ .... nnlt. aMef." dW. ..... diet. had Ibl_ 
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1 " 1 0) . 
•• " 18 _Splo, lo "" .. a wllU .... 01 dift .., .. Ial-
_1. .. ...... iD .... t:be Malt_ ( ••• "' ... 111:10. lts5, 
"'U'-. tt55) .ad .1_ WI ... (Oeoroe,l'ltt __ ...... 
pi ....... , ... the _Udol, hM. ~ ..... _llw1M. (_ 
10 _.) S. .eGed. 11 DOt ..... ".1. Sa the dlft of !,'p. 7 
.. th. ..... 11 .. , of l' ., ... 1m'. 
1 (~f " . 
1. , ••• tile 'Uti ••••• 1 •• of ... all"' .... , ........ 
'UEI '.SdeI ...... _ ....... ~l,."'eddII u.. 
It ....... , to ... lint ..... of • __ , ... 
'"f., 
2. A MXt' ... , • .., ..... 10 .... --sau.t of ...... , _ .... 
.. It..... Ie .... , PI a,.It ..... II .' to • telaal .. lr 
_, ... u U. __ 1M £, ,,..... .. II t a.au. of 'U-
.1 ......... pol,. .......... "'. ,- _ ...... "' 
II 5 ............ 11' ........... . 
I. M III"'.' p .... a. (M •• ' .. , .... C.) .. ,let with 
22. •• lIIIltrdl __ " ... ,. I .. belt jIOiiJ'" -' JDOII ...... 
• s. ... CICa). 
t. M ...... 1 .... C.) ....... 11' ....... pll ....... .. 
.. t. a. .. ,.... H ..... ' tI''''' .. bIIt ......... ... 
..... IPlj .... 
Ie M III It_ ....... (M •• ) Upld .... _ ............ ... 
.. • .a.nao 911_ o. the,.... ...,. 1 ...... C,".) .. 
low ... JP ....... C .... , ...... ,5 low tI •• " .. ,... JCa. 
0II1~ ....... wi •• ' ....... J •• uU"" .... PlOd'" 
w. "''-'''' ileath .., ... JCa. 
.,. iii'" ••• .,..1ow p ...... 'ull ••• _ una ... 1 wI'tla" 
D $I ' .... -_ .. PI,'an .. 1I o. tbe .... 
7. C.Ud, ......... SIt ",lit of the P'" £,1n"rr, 
.... JICIl .. __ .en5 "'. tIM 41ft " .... _ .U'Ilea • 
.. .. .... ....... ...., _nelo •• , .!Wi"' •• _ ti~.'' .,.-
SIled .., ................ a._l~ 'lilt.... eondo .. 
l "t, 0)' 
..... -.d up .. _ ill tIM diet of I.. ''''M' 
a ... f_. of _t •• ~ tec1 _10 •• 111 a_e.ne dt.t It .. _1-
a. ... 1e .,.., of ... IIIIIIrdI .... the .... ,s.. of .dtlabrd-
I. ill tbe '.11.1 •• W Ira. 50 _ "' PIli of c1I7 diet 
d'. ....e "'11 Ie • 0 .. o ..... 1£0 ,..,,1 •• -
a ~trdl'" .leU. to ___ 110 , ... 1 aluol E .... a. ,.. 
1M ' .... 
c:c.pered to p",-la. lipid .us .. dIoIaJdl-.... ala 
.. -..u.s ta _11 qllleDUU" ill the daft. ftc.", -teor 
ill _._ .... _ •• 1 a.ulU_ ill an1Jla18 la.laIJSaI .,. ..... 
11 ... 1 ... Upone.. ......al .... __ UIl -. ... "' ... 
.... ol lie .,..", .. 1Md ~ tile ei.'· ed 8bcNl. lie plOftW 
tbn " '-.. 11 ___ •• ·S • .,el _. an ftal OtCd,_.ta 
of _" 1t!o10ll0al .... s, ......... as 1M. bOi a ...... 
othe~ OIleu OW$Jo.... lawl_ ta I D 7., of blaall..soal 
U .. p,........ I'heu aoa-owallablU.,. Io~ I ~o"GOd pH-
!oIJ 0'" lea to urau .~.1e doll.teOJ' tiM..... MU.ll 
lou an panlftlarl" .... ,. .... aqulu ei8a18 ..... 
pl.,. _" iIIJOr'e' JOle Sa. a ?lo , ... 1 __ • . 
_ ... 1 .l_ta .. _ ,,*o •• a tato ballE alesnta .. 
.. • Ile~ ..... 'h ••••• 1_u.. pOt_ii.., _ .... i. -.4 
., ... 11 au, • ."H, ala .... , ..... .-.1 .... l"'~ 
enn .......... bl", CI .... ' of .... , lS.-. ta theu boaJ 
, .... lin») aiDoe ....... ' 11 ..... Sa -J .... 11 "" 
"'." an .... 1. of ""eelilll Met of the .... ~.18 nqgt,OIJ 
(Clillee ..... ___ • 1M') ....... IIodJ bwI "'. ""CUI' la, 
_maLEIY'. 'lh1l oft. _t. __ cJlfflGal' .. ....... 
c!loteQ 104'Il.' IF. of __ ,al.. ~ Ibo fl.? ft1_ of .iffor-
... _.ala ec! thou _ .... 1 •• 1 .... Ia difk.' ..... 
• ~ .. .,. baOIl OM' Dd .. l" .tadW (SekK._.,... -" 
Quilt., 1"', ... ,. eel y .. ..,.. lIn,.aU. &0. 1,n, 
"'*-•• &0. 19111 .-Illapal!!!!. .. 1912, ..... jd. 
CIa.del, 198'). th ... Sats •• in the 1IocJ, ...,.1 IIJ ;111U-
., tINt .ran .... in hl __ ~ .... etI,. ........ 11M .... 
Sa .... lt .... (C01 .. aurn ..... d LJMb, "''75', .... n. lteO, 
*i .. _ •• trtaw. lt12) .... ,. 8hdJ iDdS. . __ "' ... 
• t .. b ... ..,-10 of _ .. l_a.g t:ba .... 'uti ... , .n 
.f the bod, _. iD ... witll \he laDS. .u ... te ...... of tINt 
n" •• da., _dl-. ~I the tdaelW, ea~ _ ;b •• pboro • 
... ebdW iD de\al1. C ........ a. ... al _10 e.uad ~ 
..... b, C.18i_ be. .... IUra.diD' ..... (JtloSalaolll ... 
.... qda. Itlll GuJw~. 191J, a •• ,...., "',,. b, Loa1lc:tuIJ, 
1912, .. __ Lsn.. 1911, .... ,. 191., .d, "'71, l-.n, 
lMO). CdGn. IbIoI'p\Ue be. til. v ........ llMaU, 
d. uteated iD • .,tUb ( .. th. IDd ."., 1912, _L1P .. ,.I,n, 
KiU ... L .... , """ lIilb tl u,., 1911, CIl .... O". 19'" IDd 
Sa bl_ ... C,ll1: dn ,e .... (COle •• ,I ...... al .. l',., . 
.. 110 D.U (19IS) ebdW tINt .-.-u ...... 18i_ ill 
Me?3 ....... CI.IIIWIJ UtlS' ............ aa.i __ I .... 
... -.1'iIII Sa .nn ... iD ..... 1. SUIIIIlalll Ch.'d (1986) 
.. .s ... the I.l_louhlp _'.110 t:ba •• lai ... ted ill ell". .. , 
.r, •• of the pl_ .. S • I., ...... the .. 'D Il'illg _i_ 
WIder au ..... ' .... ,."'_. Ki,..aId aed"a 118 (1'''' ... 
DeaIls-ru .... (1'18' ooaf1roac1 til ••• upU .. of •• leu. bI' 
... ~Ub .a the PI- .... 1ft r ... _epaeU_l, bI' 
_iD, rad .... tift 1 .. 11ed •• lal. (tSc.'. 
'Ita • .., pbOl" •• ou of the acp_t.a .S.b ___ I to 
_ nl...a to th • .., •• 1OS. .a _ .......... til. ita 
... 1atiea U Dot cUr"-l, 1Ja1lilll .. tINt fl .. 'utlou of tINt 
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l1LI 
~ ..... 'h.'ou .. the ..... I' _ ..... 1l1li _.- ..... 'tIlO • 
.... ' ... _U.l .. tile diet of PI .... , ............ , 
eoDtaiaa .. ., li"ie , ••• ,t"'&1 .. it. 
tIIl_ .. bV I. (1t11) ""'I'" the ,...11 ... of 
u-. .... l .a ............. pl_ 'e'? .'M.' .. 
1.1 ...... the V .. -.hlaa.lAaU'UO' ....... iI ..... 
-.... Lc: ..... c ... htl2) ...... the u. ...... _ I,por: 
.... 1 __ .. the ..... am a 14'- .. lie .. I •• , .. .. 
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DIETARY MAGNESIUM (m!VI009) 
Growth (a) and food conversion ratio (b) vf p. 
1n dlcus fed with diets having different levels 
of magnes ium. 
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DIETARY MAGNESIUM (mg/I009) 
Effect of dietary magnesium on (a ) body mac;. ' e~l \lm 
and (b) survival 1n ~. lnd lcus. 
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pbO~ m the dift aanoced ..,_1 growth JacUo.", til. 
plloaphOroaa 1a -ar .... tiel in "'- die' of" " .... .. 
~. powth of the _S-1 ..... ad , .. b1ghe., "1 ....... the 
Glat aonc ... 1.0.0' pboapIIOIOU8. At thla 1 ... 1 the IC. 
of the .ift 81_ "'PI' _!rOW1F ge,. ao._l, b,-er. IMa 
o. lIbo.,.._ ... did aot haw _, ....... 1.1 •• feet. Q'ebb .. aaIll 
Il J1,. U971->.'" ... trOuUa Ja !II " p" • ., Mlppla.II'''' 
1.0. 0' pIIo.pllorou ill tba Giet. lilt D_s-r" .ad Yo. Ut".) 
ea.. thlll a o. pbOllpbolCNl in the did ... wry .fleoti_ GIllr 
.. the ...... O ..... 1-. ill tile ... JIll". 0. the otbea "and 
x. .... 1&" (1,,) 1IMa'.at the &eqIdreSIO' of pboepbOiOU 
.. 1.'* ill til. 'iet o. r.. 'ezleM.. 'I'he ,.. .. ,.orou ,..'tr .... , 
fIMtc1 ill th •• iet of r,. 'M,.. VII ..... '''ft .. fe_a ill 
~ leo..,...., Ill'ebb .. "" 1& ~ (1911 .) _4 x. .. _ It Jl, 
(1984) "'* " ... low. tbIID th. pho.ph~ .""1 ..... ' .. 
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l(jc 
_ .... "_ .1 __ ' found in the "..-01,. ... 18 _1IOC1-.c1 
... '" jIIQttf!s.n lD the ___ lOD of ... L ar. t •• _lab puUaSpate 
la ...... ueupon. 'lb • .".,... 00DteDt Ina4 18 the en ur-
.a.1 o. hID,a. OIut ..... 8'GICh .. '1P'S= ... Ltn" 18 
ill ,. 0.2-' "'u u •• ultDl, bl'" onu ...... (Oaalwla. 
19to) _ QaIIpU84 to ttl_ eoppe.r eanteM geQeIallr IDuD4 Ie ... 
~ (I.0,..vtoael). ----, aoppe, u .eqa1'" Sa ttl. cUn 
of N'1!!WN or ~ey ue o!lpebl. of .. UfJIOUnv tble 81 .... , ere. 
...... NUD'tOt weu, to ""' \he J!8qll1 ..... ant " .. beea "' ..... 
jee\ __ •• of dUo"1oM, .... ttto.. dial. er • ..we .... \bft 
nut~ .. ,., OeOl'b copper bca waul' (11Y .. ,19., tIIlSte ... 
l.lnt mu,1.2, a .. _ ca. .... ,l.') ..... OMIt ..... eel Y" 
(1'." ..,bed ttlet lapp. mer eot be ,equ1_ Sa the d"*' of 
..... 
teD, Sa JOUftet. '"71"77' pl'2.'U,) ~lee fro. • to 2,." 
- .., "MI.. Ie en 'I ... Ul. l' u .,... fl. 11 .. 1.,." 
eae Sa net, • tl to 8~, ........ ia DE U',lt ...... fro. 
11 to 1,.. ... lD w ......... to ~. 1.~'lcUa ... the 
H. 01 .. .velDh ......... M,..19.). 'IheI.foI •• l' .., ... ooe-
lUU..s that the diet 18 • IOUCI of copper lor p._. 1ft "'* pn-
... ....., "'lUOII of .Oppel to the (!ietI 4114'1 I'l~ help in 1ft •••• 
.... the growth of the ~_._ the othe ..... ttl. 110 ...... 11-..1, 
deolbed vith the u. .... 1ft ttl. diet.., CIOppac. Ho ..... ' ... 
"CU"ttI Obt:ata.1 by the low OCPPQI' OJ..t(2.4alg/100,) -.d bi. oan .. 
• "*' U2.1IIV1OOt> .. DOt "*'''*'teall, cUffeft_ ,p < 0.05). 
Bat the food GOD_aSoe utio •••• 4 oout*,* SllpIOW." vith 
'., .... In the 41 •• y a 'weI. .I0Il ttl ... Mula ,. CI .. be 
•• id tbat coppu i. not •••• nU.l in the diet of !,.lI01cw• 
MQ' _ that 2.4 .g copper/lOO 9 diet i ... eting r .. ir .... 
since th18 diet h-.! sbown bi~.R growth. Jut... the diet 
contained 13.' .g c:opper/lOOg, th. ICIl va. lov indicating that 
th. dietary eopper i. in~l .. ed in th •• ffecUve alliaatiOil 
of the Uet. Pe.b~cu IDd Yon. (19'18a) found that o. ~ of 
trec. el .. ut: .bture vu r.quired in th. diet of to '!pOIi •• 
which contained 0.00_ ooppu ablorid.. 'fb •• ffect of 
copper as en indi-.idual .l~t co th. growth end JICa of th. 
prawns vas,lao .. wr, pot uc.nained by th •••• uthor •• 
aec:ently KaD.s ... 11 J1.. (1914) rec:= ... D4ed 0._ copper r.qllir..ent 
in the diet of!,. 1!pOQigt. It is ftry IIQClb bi~er then th. 
COpper content (0.013") ill th. diet of!,. incUsa. 1Ihicb _oweI 
1JIp~ed JiCa. !h. dietU}' 1 .... 1 of copper (13.6 .g/100g)fouad to 
1JIpro ... the JCIl in !,. incUPM ia ac.parable to the copper CClDtnt 
recorded in An_ia MUp111, tlh1cb foZlll f..o\1l 11 ... food i. 
the aultur. of 181' .... of .,. .. id prevu. 
I~r~nts co the r.qU1re .. nt of siDc re .... led iat.r •• ti.g 
results. 'fb. growth of praDa i.cr .... d (.ig.35a) vith th. 
in..... in the dietary aina upto 23.6 _!III00g diet. Hi~er 
.... t. of SiDe in the 41d COly reduced the growth. !he lea, 
bowwr, did not shov any .1On1f1cant difference (. <:. 0.05) vith 
the d1Herent l .... la of d1etuy sillc (1'19.3511). ~ ... r •• 1I1t. 
indicat. that sinc ia required in tbe diet of ~ 114m'. aad 
23.' IIg/I00 , diet (or 0.0. of .inc ablor14e) would ... t the 
r.quir __ t. Pe.bUlan end 'lone (19'78.) indicated that O. ~ 
of v.e el •• ant. _re required in the diet of th. praw 
!,. , .... p1gp. .. tnee a18lleDt .1xture Uled, eoat.iaec1 s1IIC 
.ulpbate tlh1cb ... e_ .. alent to Coat 34.5 ., of .inc per 100 , 
.u.. C I , ... to ebla. th ... ,..1.1711' • ...- br £, 
1e11- .. low •• au. ... Upon., •• , ..... of -,tello-
• ..,._ IIIIIh ....... 0JISde .~_ .... ......., ,.U ... 
lu .. ftoSe.., .., ....... ...uoa of ..., ... "Ue P"II .... 5 
1 • ••• wa ......... u. nqU ••••• u er. Do ..... l' ... bf dJ.nu7 
1.-18 of lS.JO IIIIkv diet (ChO ... •• 1985). Ita .. Bollu! 
.... 11 __ 11\7. 0 .... __ • 10 the .,.. end .,odoa of _lela ... 
thtt lUIs (QiOlf ana sabe11. 1918). But dlahrr auo 1 ... 18 _ 
to ... nl bulJhd 1I1111tr_ pel Jc11o __ cU.et do oat .... to 
.. iDjUiMe to ,et ......... voa. 
~d of IIlIIo 10 the di., 01 P'''' 18 act n uot ... 
.,..., ~ tbw., 1t. Jquht.loa h the body of SQ_ c,IiH ••• _ 
V!U RudW 'kyaa. it". 1 68, C l'fCCCrn .... .nil 1;ynOh. 1915t 
"":lite and R.:labow, 191', Subbull ChWIf. 1986) 11l rei.'" to 
th ••• uo_."- P.&btpll the pi... stu4, 18 the firat .'1 S\ 
iD tIl1a 4:lhot:lOD lD lIIhicb thII fttcr.lb~t of siDe ... 1ed1.t .. 
chl6l II ... , foe 2.-ip4&nr b. bHft uvenl;akcJ. t'Iht .......... 1 
1.D the bo4r of the ..... 1.. 6ICl .ieU .tli low 1 ... 11 o. a1Dct, 
1Ih0WllCl n4ucUon .. CQIIIp • .a 91'" tb. ..1_ !O'*' befon .... 
stan of Ibe fMd1n9 Qller!." (bible 52). ~ the MOU" of aiM 
1D the cUe, inOlO .... the aiDe 1 .. 1 1D tho bodr .110 18ft .... t 
<f1g. 3.>. ttl ... zresu.lt.3 clearly.""" tbot pr:W1l ff.ct1_1y 
~ft e tUnery s'!IUre ~! s1J:Ic. 1:!\1!~ ~; .:r-. ; la Iil<Sch the 
'-dtn, ape,s..nt •• f. aaad1.1eta4 1b0we4 I •• ppII of 811C • 
........ •• (918) ,epoc~ thct :inc: c:ootaIrt 1D the 'OUf: 8,. 
•• lId faOID 43 to ,,.alg (OIl Ik7 NIh). In oaQ!)Ui, it 
•• d .. ~ leo to ,~g,4epeca1DQ 1lpOR the M8IIOft end the 
SUIl1D. OD tile oth •• be •• Yee''''. abowa a IliDCI COde_ of 
11 to 4O,.al9' tIb.,.. f.:!?UR, 94 to 1?~g. !len" 190 ~ 
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• ,' •• 0 ... ..., ..... d_ of £,. ... .. tb 
.. 4uu "m .. 411 ..... 1..,.18 of ...... n-. III. If U"" 
... i.u. (.t.o.3I". 1, ,..d.It eaan .. irn.,eaU .. of .... 
4 ... .., 0......... hfther, __ ...... i __ tea, Sa .... _. 
fIlS .. t:b the '18' ....... _ ..scs,,! .. 1 2 ••• 11_. _ .. _ .. 1.1~ 
""" ... zene to ... ftlue p .............. ned of ... 
........ .... '1. '('1.1. IS). ~ .... r Sa "'ltb .. IIndla, 
.... rt • , __ lID''', _'.iast .11". eqdftl.n to 
10.1 __ V1etdDt tb ••• r .......... 'df ........ t" of 
.,., __ to npl ...... ) I",,,, of ... , .... toM ... 
.. nnlIln ... " Sa .. 1~ .In ••• p .. " •• -.renlat 
.............. tb .... 10 I 0 ........ ,. • .............. en 
lnol ... Sa .. TlnlM "Pl ........... " ... of tbll .a •••• , 
f.- .. ...u-n .... _. pds.., tit ....... 4.... Ie 
.. 1 ..... ' .f .............. " .., ..... 1a1te11 tit ....... i_ 
11 JSqtdnI .., ~ urns ...... tlts1l ........ ,.., 
... DIa,,, ........ , . 
... u ............. _ ........ ~, .... 0.21 to 2._",,,,, to J __ 11. r,. 'drs ............. tI.'" 
.. Jood ___ •• leUo. the p ..... Jal of ... _tnl 4s.t 
_ •• 1l1"l~ IIehsI tit ... tit. of tits oUter disU ........ .... 
U ..... __ en .... "'1n.U~ .stslfSe., ( • .:::.. 0.01). 
DseII ...... You (1'11.) las1 .... 0., .... ~ ... UI .. 
AD ...... 0' lID .. u .. _,as .. Ita) .. tits 'ial .f r,. 
h r'o', 8ft the ..... = •• dW "' ... luate .......... a' of 
... , ...... 1 ....... 1l~. OD the __ .." ar. ....... (11M) 
lib I'''' •• iDel_t. of 0.00 ........ fa .. 4lsl aepn .... 
er ...... fa ~ t .... a ..... wit •••• lIdle to tllO •• 
.-tau.. AD ! ..... I. ill tits p ........ ,. 
, 1 G~' 
__ , .... 18 tau..., .. __ 'ector 10 ec.e of .. -,colle 
...... nih .. -tiD--, ta901_ 10 boDe fOnoftSoll -.4 ","'rOGj"-
n •• ,..,.,SoIl !D the _ •• b. ..., .... bed beeo I a&4 to be 
... ..,Ual 10 ftDflab ... WIIl .. raIDbow ,1Oat aod 1"'!' 7' ? k' 
(Chow .. --.11. 1''71). 81 .. , powtb .. __ &1 ... ill carp 
...., r etn""" Uoft .. W OD the dlet h • .,lol 12-13 8IIk9 of 
.. , .... (Cbo IS. •• 1985). ~ !Dall- b .... IhCMl progr ... i ... 
laan ... ill th ... ,Ill'" ccotent 11'1 theU bocSy ('ig.40a) .. 
~. alney IUD' .... lDonaee4. iadicatiDg .. Gftt.tloo of 
th18 .b.'" 1D ~. body !lOll ~ alit. aft the .urnval of 
th •• t-.11 lIaprOftC1 wl~ the 'UetdY Mng..... '!be WIt., la 
whiob the ...,ID9 '''PIru.at ... eonl!uat.s bllt IhCIWII 0.024 pp-. 
..ag.... 1a 1' • 
... 01 the .ocpl_boft. c:u1tur.s IDa u.s II food fol 
IIOftl,"_ of pI"', I1ICIh .. roUfar. (4-2~ "'gID8"/1 _ 
ary bu18). !:trio Daupll1 (2~g,I,). tigJ1Ma (9 - 21)111')' 
!eml. (2 - 1~'), D ...... l. (13,.,0) ... Mola. (5 - 3"",,')1 
bit .0_ ft1rly C)OOI1 JRCKAU of •• g •••• 10 th_. 'lhb _.a 
that .~ ___ t be the aoue. of 1IIng.-... for pI..... tbe 
eoatcol CUd 11'1 pleaea' Rudy het 21" 1HDQ ..... /1OG I "'tab 
bllt Iho. _ttl. gocOilth !DIS leA. May be the .. ..- of ....... 
pn..nt (21"'100 ,) lsi .1. cJiet 18 ... tiog tbe lequhe .t' of 
the puwu. AacJ hi"". s.aaau of __ g.a... 1ft the diat IIlitItt 
be •• niDI aadaauable tf~ ,. p~ • the _1l1li11 bad abe • 
.... 0 allltloD of ~18 ,lna .t 1ft theb body. 1ft CI08Cludoa It e. 
be .aJ4 th.t ,be IIIDIJlDe ... Iq\11raaeD' of ~ .4&nw 18 _ry low 
_ the ..,.. of thJ.a .1.-at pre_ot 1ft tbe .adou. l~sU 
of th. diet SMt. the .eqa1lesaat of the 1D~.1.. A4tdlU,. of 
170 
.. , ... ~ tb. un ...... __ fIo1a1 .,'-' _ .. 1 ..... ,. .. 
111_ Pl0'* ... toJda to •• ,. ..... 
171 
0.131' of .aIe .... leqdh4 an the cU_ of tbe PI_ 
re_ 'M"M ....... , 110"'" -' foOd ocetllllliM 
ldio. 
I. »bo.,II:D1" ....... tiel ia the 4iel Of r,. 'ef"" 
....... plaO.pbOlOUI "fiGa.n d1el , .. 81 •• la .." 
POOl 110. -' JCa. 1.0. of ptwqI\onu ... nca 'na 
n .. cUM. 
3. ft. food OOIIWI.iOD rllUo of tbo as., wee blprOW!lC1 .... 
tbe 41 ...... f... 13.' lit of illlipSler per 100 .,_ cUet. 
•• led flO..- _ ICIl .r. 01* ...... bJ tile .lot hll'flllt 
23.' III of.uc. 1.IDe 10wla SD the as.. 10.' oc h __ r 
til. thla 1 .... 1 depne_ 1ZC*Ib. 
5. M •• ull ... DOt foao4 \0 be bq\JUecJ 1D tho aid .f 
£,. M· ,., AMiU..f ••••• t. to ... u. O.al .... 
1I0w'" _ lDcIIr ..... a. 
Ibo CIODUOl 'id bOIl 0.21 III o. __ .10/100 I _kit 
.... tho ilion nulte. Ac1dlU. o ... , .... to .. 
cJlotI ..... _ ... atIl ... ia •••••• JCa. 
CUll I nW d1eb •• be .tu.USeiI .. pUlfled dSeb -
pcenioai ...... th. fo.-. diet. ere for_lat'" uSaI parlfW 
Satnc1s.u _ ac. IIO.re117 ued for "*'rSaI ..... ..-d'_ai 
r~ of the _.18, .... r •• "'. pcenioal feed. an 
1o~1-.cJ ... .., 011 the 1Ntr1'lotMl ~. of the recip-
~ .1ael, uSaI •• ura117 .. allabl ... ..s lleter1a18 _ an 
u.s for dUlled' ph ... of ni'.la, the .illm. DUfer_ 
pulftecl dlet8. foIr nedara ,.f.reoce. haw ..... plblltlbec1 Sa 
Ute,..,. fOr ftDftJEb (Kelw,. 1912). p, ... (~ .... II.IJ." 
(CooldlD II. M,. 1910, 10-,_ ... IJ." 1982, 
Ire ... IJ." 1985). ,., ODe of th ... d1eb ooalc1 be uad 10, 
•• d'loaai .ad ... la flafUb _ .... l1fUh. aft WC7 0 .... , 
U __ ""e, that "'- dlet8 _ld D~ be Io,..l • ..s Sa .. a11\7 
Sa a Ii .... hiS.., .. __ of th. aw «lip ........ liRed .., 
DOl be ... 1_1. ill til. p.uo.ln ntSOII. 'lh18 .s''''1oa 
...... 1 ..... the dewlap 'of a pudfW diet fonul ... _Sal 
the iIltnd~ .1117 nall_l. end nt'able fo, the .,.s.. 
"'_ are nl ... ..s in the pc •• lill, ooadlU ... of tbe btl ... 
Ie ~. "..sl.sOllal pc __ flab aul'-- "enieee in tho 
M.Jll8b_._ r .. SOII foUOt IS Sa ladSa ed ... of th. aoab-
•• , Ae1. _tct .. , .. ..su, of tho pOpU1.1011 111 tho pOIM! Sa 
CJIIIOlraU7 DOt pnnbod. tbo pc_ end nih pOpe1atlal trOIf 
b}' feedinl 011 the Dftural fOoc1 .. aU_l. Sa tho .. pOIId,. .1IIIPP1o-
"'M7 IaodSa, 18 r ... fWd to 01117 "'OIl • pcodueUft'7 or 
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....... of ....... 1 loot Sa "'. p..e ...... _Wei. 
Ie ...... ad Sa .. .-lr ,.... of ~1~5'" Of ... -
..... , ... ___ -rn-..... 81 'do ... Of nppl .... '., ... . 
.... .... ... "' ... ".., .. , ....... of "U.'. a. eon .,. D.t-
Id nppl n.., .......... 01_. - .. \8. u .... , .... .... 
... s.u.) ftah ...... Ileab. oil ................... . 
....... .. s •• ur. 11'.- .. ." •• , ............. . 
.. -.. "alDa ., __ atDfly _ tD •• lIitD." ... . 
"''''' .. 'IP" ProIlU.' of ....... _81 ........... , .. 
.,., •• f Nan ... ID.-l .. , ........ , .... s, of ' ...... 1 
... _ ........ , ...... ' ... 81 ,...r_" of .... " ...... _ 
... "'eI-ut apt~ ...... '."'981 tutD, "'. ftf,.,., 
..... Of 'to ........ Sa _ ........ of ........ of .... 
f ..... of ..... " ............... h'. pr_'''. .".diII,lr, 
du.tD, .. pld __ ....... , _ ...... 1 ................. .... 
.... tD tho ......... ~ • .u of .... ~loJ ., .......... .. 
1..,. Ae .... lIlt of ...... ., .... ~lD' n .1'OtI1." • 
.... 81 "p. of 10., •• ,._ ... t ... ~10ll" ... -hi'" 
..... __ • of ,._. tD dUM.' ... 1... lAelo, 1111,.."., 
1'" - .. ~J. 1.... ." •• "'Ipl " 1 .. , ... ,,'sS .... 
IDIDIC. ltel. lte', ... at III EI_. 1.', ..... 1'" •• s.al. 
1 .. , ~ • a... lIM, 7al_. Lloo. lIIl, CIal., ... "100. 
lte., ,.,u. A(J'M7'P. He ... ., Vlal1:lst ...... Collie., • a... 
1".' .............. 1".,11_ .. GII._, 1".' .... ' ••. 
1 .. ' .... ad ... 1 ...... 1 .. ' ...... Aze.lo., .11 ,., lte., 
..... lte.). 
le 1 .. 10 IIlteIIpto ....... ~ ~..., .. " __ ".1 ..... 
.... .. _.Uy tIhll.l ..... d.la '" ,,"'-Il' •• (lteo). 
17~ 
.... AU ... , ..... (111') .......... (111') to,.. the 
1., .. Sa the ...... ., .. pen 1 .... Sa Mae •••• .,. ttl'" a .s.. 
to .... lopSai .u' .. l • .u.S.'al teed '" .... s., .. "_, U 
the ...... ., ..... ti ....... ";" of II ••• wwe ... wl ...... 
.... Set ••• a-ta wr. _ ...... _.., _lren (AlaU. 19,., 
All ... au. 1112.,... .' •• " ..... ,"at 'F ••••. 
'"2, ...... AU .. "It I I s. IllS.) ..... Uy. ,.11 .. IM .... 
• ' .......... _ I" n ..... It_ ....... " ...... _ ..".."At'A, 
........ 't ... npplW to ....... n ....... u.t pdce 
_ ... lIe ... od .... ~ .. __ 101, .A' A ..... ity. 
AI ...... th. atla ......... an b ... plOftW .. ". u., • 
............ of .. ,1 poe ........ tIM fM'Ila .. th • 
• .....u.. ........ u.t b ....... s.aou.at_ .. i' Sa eax • 
..... ". "'. 0 IIIPnpd ....... 1 ........ b .. to .,. ....... 
.... lap ..... pa, ........ 1 ....... 1 ... Sa the. Ifdd 
... .u... ID "", _ ....... th. HlU of .Mula ....... U 
the pn •• '" • ...,/ • .,.atUW .... U Ia.IiUl ... with .... s. .... s. 
"'lilt "'u .. lNda ..... _ .......... 81 parifW ..... eor 
.. ',10, .... ,r'U_ of paD .... p ....... 18 hI-••• U 
the .iel ecAIIJ .B.'" u..... Sa th. .... .. _l1y IIftllable. A' 
prFUee1 .... " ... wl .... uta, ......... leMa .. 81 ..... ill 
the pr.u., ., • ., ... .a, Ie. ...... to _1_ " ,"arllll, 
to .. hot-- .Db of "' ... - ~ hC'··· ""' .... 'u'lIIe 
.....,S-ta •• ..,,*, Sa _. ll1tO .. 'all _'" .. r-UW 
ti .. l1li1 .... p~"'le.l .... Iau_l .... _ 1,'" .... tit .... ula 
•• .,.. ... wi'" "' ••• of tbe _ ... tiOae11y ....... fI_ 01 _ 
__ • \'be pu.; II •• f _ta, .. p_lfiol .iel .. r ..," .... 1 
., .... ta ttlu ''-'' ... tho p .... Jealflel fOr .. oult ••• f 
paD .... p._ ... ta .. .... 
tbe ...... a • .:.IIl' .. _ 
1 .. ' .... " _ f t I 
_ u .... u ....... p ..... sa, paUW dift ... __ .... . 
__ 18 •• SIIp. fUb -.1. 'ra .......... t '., .......... . 
p ..... sa, .. eftS-.l .... en el''''' ••••• aw ia CII ..... I • 
• '.'·.f .... E' 'gd 
PM"'d ".. tbo pUlfW .... , ... 1 ....... .., ... IDI .... 
1 ........ , ell ID C ... ) _ tho pro,.ia .......... , •• of 
....... , _'ON ... anh C ..... el proportlOJl) •• "'''''-'' 
...... t _ u ... oU. __ ...... of lipid. CHl., .. l. 
el .......... the ft, .... ___ , ••• "'1' ~ ... _ .. 
,..UW ........ 1 .... .., ".-Il M, (1''70) •• £,t Z1mea 
!be .. , •• el 111._ .... 1eW .f .. Iet_ ........ ~ ... I_ 
d~211 F ."It.pl en ... unll .. lph ......... tlMorWe. 
_ .... _dla, ~ _. "qUII7 ID' of _ ....... 18 .-. .., 
£, ' ..... sa tile pr ... ' .. ..,. 1b.4I1ft It .... '" ..... ,... 
tota ... Ill I' ... '_.IIte.d leU" of .UllloM ....... . 
'1 ....... "'l1li.' .. thsa .. _ ••• U_ al ......... ... 
_ the ~ia",. Its.. r; .. lts....f ... 1ft 18 ,, __ sa ".11 eo. 
"",,,.1 D '. the p • ..u..l .... , ... ,. ..... ' ......... -
_1 .... _ia, p._ ....... _'18 .,Up. tUb 1INl. 110.'.' 
...... I.... !tie ,. •• eI ...... Ia the ........... .., of 
, •• f _1_1 Plowla II ..... J. pl., "ro'", ...... . 
"lIPlo ........ _ the .o ..... f .tD.",.. •. A .... lal 
ft' In""" , ....... ) __ ... , ... !IF 01_ I. ..... .
fa .~ .. __ , ... b __ ................. 1 .... 18 the .... . 
..... th ..... It ..... q ..... 1 ... 11 of ealel_ ..... DC .... O., 
MIt. CuD" ("'mal II _,ad I'd ... 
, .... ' M 
An In C,.) C_ . ..,.. ...... 
COIl aw,oll 
SM".'Nl 
......... BCl 
." ........... 1 
M ..... 1 ...... I 
Ctu~ ... 
... S-a1 ...... 
•• 
Carnll 8tdp1t ... 
sa. •• sa. 
• 
• 
• 
II 
to 
I 
0.1 
t.1 
I.' 
"I' 
.. " 
1.00 
_.to 
.11 
1.1 
0.01 
0.07 
.. 
1,.., l' , , 
~ ... __ DOt aSded, b~ copper IDd .iac wr. auppl.-ted ft 
the required 1 ... 1 in the feed. Si8ce tapioc • ..:U It the bUd.r, 
no addltiOD.l binder wu used. The COllpOaitiOll of ~e !led u 
91ven 10 T~le 61. 
Coptlcl "14' 'fbe fresh -.at of the c1., SPA'" sSdP1i' Wit 
uaed It the con~,ol feed. 1'h. C08IpOsitiOll of the cl ... _at wu 
.... u g1WD 10 Chlptu 1 (~~l. 2). 
P'ADauti0R of pyr1fi,a (ii.t and practical "If' the -.tiled of 
pr'paration of pur1fitd cU.t and the pJ:acticll f ... 18 ..... 
a.scribed UDder the respecti .. sections in Chapt.r 1. 
ledipg experiroantn I Hatch8lY rured, tar ly juwaU.s of the 
prawn PonpcW! ig41cus with .11 nen91 lengtil of 20.7 .rI end ... r-
'91 Uv .... dght of 0.0249g were used in the feed1ag experiMDts. 
the aoim.ls ware stocUCI in 3' x 2' circular plutic pool. , (Plat. 
4), contaiD1no 200 10 of • CDisture of fllteud ... water _d tep 
watu to give a .al1011::y of about 1-' •• Each pool baS '- 'D1II.l. 
and thtr. we. thrt' replicates for eech tr.atlllllat. 'fbe water iD 
the pools vas compl.tely replaced one. in fi .. day. and uratio. 
was proY1citd with the htlp of ID air eanpre.sor. the bydrogra-
phical data is pr.~ente4 in Table H •• 
'l'bt .nilllla wre i5td at 20" of the body wigbt 8pproxi-
llattly 10 two d~Vidtd dous in the morning and evtDiDg. hid va 
placed iD peU1d1llh .. kept 10 the pools. Left oyer feed va 
r • ..,~, wash .. d gently with watar and dried in the ovaD It 60~ 
for 12 bu. The Aeding txpIrs.tnt vas CODtiDutd for a period 
of 100 days. 
'lb. total ItDgth IDd l1ve_1gbt were lMuund before 
aDd att.r feeding uper1Jleot iDdiV1duaUy for eech treat""lIt. 
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Plate 4. Plastic liner pools used for long term 
feeding experiments with purified diet 
(PDP), parctical feed (PFP) and fresh 
clam meat • 
• 
M'. ".. MEW.acC1 od' 9f tbt "",tDR PlUM'I' dSb 
PDr, prr wt ., ••• , 
• 1 a • I 
0.,1 •• 
ccIL 
3.1 - f.U 
1 ill 
••• 
1.1 - 8.29 
I' ,a",l ""h.", the p.-p •• U. of .-.pie. of ..... 11 -' 
tit. c1SeU tete •• 17111 end 'hi ..-MS! -.c1 eo •• d,.Saa ... 
... pwoteSo. lipid. e .. 1labJdrat. .,a .. w. the ..... d __ 
.... So eIl ..... r J. 1IOs..tu. ... ens ... ., br c1rrSaa the 
'IPPI •• II)'C to OGlet., _i_'- MIll. celei_ 8ftc1 phOlpho-
raaa _h eets.eted br the • __ ttIG4e c1eeedbet! ta Cbepe.r tn. 
etnd. ftIwe_ .... Nie., br .. 11)11: _tbod. 
"."'''11 "',lJl,,' I'he d ... obt.Se., br tit. parlfW d~. 
pweftie.l ..., •• the ~trol .. ., OD oroweh .ad food e001lU-
.ie I.to .... "jlfted to .. 17111 of ftd ...... tile h.,,1" 
are Iba_ So ~.,1I 12 A. 
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.'YW' 
the ,..1 .. 0' the .... 1 .. apert.nt 00 ...... 14th IW, 
p,. Ift4 11_ 01_ .... an pr ... tec1 1n 7at»1. A. 'lb. pr.-... l 
.... P'" PI-'-" bi.ad lD4r .... 1n 1_. (72.~) _411. 
-ltb' '4.a", foU-..cJ bf •• " .. 01 ...... 'IS ..... Sa la_ 
d •• 2g a U~1tbt) an4 the .,.1fte~ 41at(54.,. 1.-, ,.,,_ 
.na 3.139 1n 11 .. _1_,). the !on ... iD l_gtb ..a Uve -'th' 
obtain .. bf the p,eatseal Ie .. and en .... at ..... dgalflo.t17 
hi'" C. 0.05) the the 1ncc .... 1ft 1ft ...... Ilftd _I".. ,-d'" 
br the pl.Ulftat5 dlot. lfoWl_t.. 1 "\1fwe'!ICe 1" 18ft"'" ... 
_I.e: Qbti\boc1 bf the preatloal .... .., If. cl_ ....... 1IOl 
"",USe.,: '..~, ... . '!be tooc1 oo .... nlGD raUo (tea) obt.l.ad 
bf the preatS-al .,tIC! ... the lown <1.80) foll0w4 bf the al_ 
... U.09) .. .,.adlt .. 41ft U.l1). ~~ ... "'. nlun wore not 
.... 1ftlctul'dUIe' ... ' (P O.OS). \'he eurrival of ~ lIl1Iaala 
... the hl9Mri in the 0 ... of pull.fieIS 41et (to"'. tollOWlS bf 
the ,,*1_ .... (13 .• ) ... oba .a' (SS.""). 
"'- end. proteiD io tb. .... ted til. pl.tS.al ,. ... 
• '" ... _. hi_ad '&6. ,.) .U. the _SIIab hc1 the 01_ ... 
h.a low pIOhI.n (to.4"). flo ..... '. tI'l~ Uplt! of "'It usUlals .. 
01 ...... b.ec1 IbOWIJ hl ••• 1 .. (1,._) aDS tb.t of the _lMl-
ted pr~SGa1 IetlC! _ low US •• ), !'be earbotlfde .. _ .. 
414 DOt 41fftl.c .19ft1f1c~ly -0 ttl enl .. t. fed the cUffenlll 
,.c1It. 
'lb. gIfOwth can. of the .,t •• ". tied tbe thc. 41ffehllt 
~. • ... Awn in ftv. U. Jet Uie firrt t~ tl&y8, tile tft-
or .... 1D U .. _lib' '.19.4,.) _ I_9th 'Wlo.41b) • .11111. 
Mle ta, 'X,", pe Me ... '" _,n 7\. '.' c aM rpr. 
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Figure 4L Gro wt h cu rves (a) weight and (b ) length of ~. 
i ndicus fed with pu r ified diet (PDP) , Pr ac tica l 
feed (PF'?) and fresh clam mellt . 
ill ....... f ell .. thhe ...... WI. "-," ...... OWl ow 
.... _at .. edt with tile p • .nteel .... , .. ooellpJ'" th. top 
PM"'" .... ,.,1 ......... JU, .ellHu, .... low .......... . 
~ _, .. 1 ... 01_ "".1 ............ Ila .. be""ll .. 
_..-teel ...... SMld ..... 's.., 
180 
.. pUUW 'Ift ,.., 10_18, .. with 111'... 'ett) •• had 
... , It ,., ...... U., oil. .,,, ...... ..snu", ••• oUte, eM1U.,.. 
, .. lilted ill .... hi.,. .. ..ani"11 '10") of .... pl_ .... ' .... 
.. .... .. of 100 '''' '''.a. ........... ill ...... 1._ 
o ...... a.l. fell till •• Ift woe M • .,.. .. tM -.,'" ....... 
• wl ........ S.I,.. th. tIDoI _ ..... 1.t1o of the 'ht woe 
2.11. hlUW'1oh _10 fU .. ,. ... 1 ... " __ .. _ ... ~ 
U''IO) 101 'tit. PI_ ~ ,- SM ... .,Ib ...... l' .., lt1_ • .,Mbi 
... U911 .. b •••• ) .. ~lNca .. _okS U''Mt.b ••• 191s., 
b) .... _ill, dU ...... ...,.n. of aad'_. AQUICOP U'.) 
............ a&,. '198t> Iomal ... .,.,UW diN fol • ...,-
in, tb •• .,It.ll leqaU I • ... of ~ -".,1,. '1a all,. 
'1'''111) prep." ... an 'loU .. OCMIPued with tho .. of ....... 
.. ,1. .quid .. ,I .. _ .. ,up' 101 the poat 1 .... of £, 
sOr, Ab-.J AU U982b). Chall .. .JoIIa ....... -' Ab-.J AU 
U") .. ",,1 (1 •• ) .. .,.ed p_UW d"" fO, .... pi_ 
£, apd'= to at.., •• ,.h,.. •• IDd pnteta reqU.r ...... the 
.ift. .\1-. IDd ...... 1 '1"') fo.-laucl .. pr..,ed pwlf104 
'!ftI 101 £, • dr' *110 Ce'lan •• (1980) ...,h.s • 
poUied 11.- for the oulWIO of J .... lle1 of -., ... lobe"" 
"as. F tlm.· D' --- ... I&,. ts981. 1982. 19M) .... 104 
the reqak __ te of .U ..... , •• ,be .. fOr th •• _ 1..", .. 
WI.e purifW '1eb. la IU the eIIO __ U ........... i • 
... ... • the protein ........ r .. 11... I '1ft) we .... 
ill th. purlUed diet PDP ill the pr ... , "a!Iy. ..... of the dlAlte 
tor-1.tet iD til... ".11. _II ten cU..u .d th. prot.iD ao.-
... , ".,1,. froa 15 to 1m' "'". • th, proteiD OOIlteD. of th. 
• lB! 
,.1 ......... J!D' WI oal, .... 
!be lIocoth eM ..... .., til. paUIel ..... PD, .. J--11. 
£, M"- ...... _11 with .. 0 .... of £,. 'Psa. eM.S ... 
.., It ...... 111&,.(1910). £, -"'el, .., ~ACO' (1'71' ... 
ace ..... I&,. (1911) .. of r, ...... n .. .., L1II • a-
u,.,., .. Al .......... 1 U.7). lb. OIO'111th of the p ... .
eM ..... III "'. pl:l •• ' .W, ... hi ••• th. the oaowth ... oed" 
III r, Apm p_ ..., "lth ..... ti., .., Aft .... AU (191a) .. 
Ch.leI Jaba _ ... , ID4 All .... AU U.4) .... ideo. the toot 
_ ...... coUo .d th •• wd •• l ,ote GIbbS ... by the p ..... t 
.1. Sa t- 'ef'- ue eupe,l. to ""' .. eM ... la r, ,. MM 
r, 7 m"'" ... r, sCn .. til. 1t1lll ....... , .. .e .uU •• 
'I'h_ 111.1--. thd the p.Ul .. ,1ft po'. p.ep." "'''' .lb, •• 
11 lNPtI,lOr to the ........... 
Ha .... '. the 110'lIl'" .. food ecn .. roiOD r.tlO .hcMI by ttl. 
'Ut PDP •• low ......... tl0*"" .d foc:Id _.u.s. ,.So .HOC-
... .., "' •• ,.10.1 r..a PIP .. 0110 the OOD'ro1 ..... 1. _. 
f.D "'1. It..,. Oal, "' ..... "1_1 of th •• '·.1. let with th. purl-
..... Id ... hi .... ' .. __ ...... "'0 .... vi'" "'. I tn1", 
... \be p'.to.l..... ... -" Sa .. ,i_ trO'llltll of p ..... lei 
wi'" ... ,."'.10 pqlfte11 .let. ... not .IUI II ill an.lt_.l 
otueleo. Poo. IraRb of p .... , ... vlth pUlft .. dlft. p'.;II.e 
"1tt1 .... &D. v-latlll. an • .. ....... ....... oa ..... to 
th •• 1 ... prep." vlth _._01 SaGl .. 1 .. , ...... epon.t by atell 
alJ.,. (1912). DoebiMru ... IfuoIIil (19140. 197511. 19.,.). lib ... 
All Utla) ... "-bil8e Il I&,. Uti .. ). ..,.. .Ufe, ... III the 
...... tt. of the P ..... ,.. vith pad • .., .i ... _._.1 ... 
Ill",' ....... to the ..... l • ..,.Uty of tho puilfW d1ft .. " 
18:2 
h J ...... "'th pai ........ iale .... ' .. 11. ..... .. lee •• 
tIM ... f perUs-d tieU ..... ....,..1 .... f ..... f • ,.u. 
.............. 1 ......... 1~ _'.~"ool, ..... u., ......... . 
Il ... _11 'II •• "'_ ..,'IW II ........ a.dl~ • __ 
,. '-Id7iIII tIM ... '.' •• 1 .... ',_,- 0' ......... .,.. .... 
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De8bs-n,O ... K._~ tU'b. StuIJ ... OD p.UW ... few 
~ .. _ n. 01*-- coateeU of .... leHerol -.4 '1 ..... 
1IIn. la tIIe.un. "lL • !II, lAo ,a." tot 
.21-42' (U 11" ••••• ). 
DeIb ...... O. and KeIfuo1li 1"'" .tw!1l .. CD pulfW 41" .. 
PIlwn-l1h A II 1'1", .~. __ , vl-tb _1_ eo14 un 
diets . Byll, ia-~ II&,. De" tOt U21-U31. 0._ .... 0 • .ad ltelUOll1 1911a. .... t ... putfs..l cUlt fO. 
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their .~ .... !t.ove ........ n .. ., las, 
~ , ..... 11 101-101. 
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l.aabU.G.J. 198 •• 0 __ $v of 1*'_14 aultue f.n .... ria_. 
". .. am 1_",,"11 CoIf. .... a"" II 
fe." PI! nJlbd=, '&pUes"y. ",iuRR'sss.:n.36. 
hlr.P.H., Aea.l'ortDer .... 1l .. IUIUJt1D end LoV •• SOll 1t1O •• flleU 
of d1etary aM. 00 QrO'Ah, ... 1IdIM1011 .cs c.Utd. ... 
IICrUYltJ of the pl:- ('9'" Pble .. eoM). 
bpS. !gilt ""JgI. !s&o. 11 a 3(9-381. 
1",,_'.oJ.L. end Z.P.ZeID ..aldl8 197'- ISftluaUOII of ~ 
.. ,Ie •• 1 .. proteID IOUfOe in penlid .... rl"*. 
". .'$0',,1 .Ie, p' SIll. ,.-lh- ., 1'71.. 
fXOM' 18 pp. t.'F10PllPhed). 
ftaher,L.a. 19 •• Vl • ..su. lin '1'.H.W"'~ (ed.). aa 
Dahl,., 8l em'S" fd, ~ Acn1ct' !gIL 
tin XUk, 1!.tJ.o. all-289. 
router,GoR. 1953 • ..,1tropia.... • in tbe deride.ter ....... 
D.aapah). ~ .. M'l, ., U-' 30. nO.HO. 
~ut_.J.ll.... 19"71. '_41 .. on VIe ~1qhM of et:p~lea 
clJeU .1: PI:8 ..... ''''''Ua. RI SbI. asn l",r,,1.,\ 
e.Ie"" sa MSW",," N,U'., lIP 229-2 ... 
ront.r.J.ll ..... u! '1'.w.". 1973. OWowtb aJlPeI:s..b wi. pr .. 
Pel; ,.gt .... wlttl UMh ., ao~ laalll. 
a .. , I .... , ..,11, 1'7(1" "pp. 
l'o .... r.J ...... aDd T.W ..... I" •• I rifteDtI!! to ...... tIM 
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au1U • .uc.. Am rIb". I. 155.169. 
I'on r.J.ll .... end P.AoGsD' att 1911. !be ... ildlllUOII of ... ,-
eeb frOII 0+ ,.,...a d"et. by the prewa Eel? ' 
MUd .... f='''. 91tS. um, £ IKI' "pl. 6U.o 
lfa!,. 51. .., ... " • 
• "JiDlI98.H. _ J.M177 'ca 1962. "'_1ft9 of the KucliF. Pc ... 
PM" ,_ ........ .,. OeeS'g.. !II, i ... (Jm!b. 
App'y.). ..-'706 tiD i.,..ae). 
'J t r:-t:. U 
Ge1 .... 1. ... L. .. AaI'aco. ltU. lteplea •••• ' of 11 ... _Udu 
allM bf IllaIO perUcN1.. did dub, 1 ... 1 , .... 
of SOe.l al'9M of __ s-a_ld pr .... ...,' PMI"."". 
Ul-l21. 
Gell...,,"'L., ... D •• n.D. D.a.c.kUa _ ".l1bl 1'11. au.ou 
01 ."'.9 C~ ...... a..u ... to juNlllle lat., • 
.,. ("Sq=? st. 
4'7"'11. 
). s=. If 'tn, DnSel' 100\. 
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'81, 'm';F' .,5 lIP-
ODllla.P.a. ..a G.L.hy_ 1.72. A .tacly of nr:"'"" -a •• s. 
__ lal. lD tba ... lr~ lat..a ..... 1atoa of 
da.\111ipOd anat..,. .... vlth .ps:Sal refer..,. to !Ia 
"'5'P"" OD luNIJ.. ..., latiea. i.- ... ~ Npl, 
'P2\" 9. ,7-110. 
01llaa.a. ead A.Pe~ 1911. Ioteranloaa of CbasISo.1 ... o..-s. 
zoguhtlClO II1tb tho oav1&'ODS1ent, l.nD. I. 'U.. (Cbief od.). 
'Mlp- U CIM'PS' ~..J, "1IIl"'dI •• slI"lIll 2 SMUM, 
AotllSssio Pre ... 101-117. 
Gu.wiD.'1' .... 1960 •• ,g~t_t.Uy of .l .... tII. I., '1' ........... (od.). 
D& ptm&P!SE sa Gmt"?', ~1- _1ET'S h'- J!5, 
(! r' g) 1tSAo' 101-140. 
Oa ... l,C. 1"'- hutU .. l ___ let 10 ,niDi" 'an 5" 'nO,sr! 
II1th r.f ___ to pnte10 .d 'WIt.S- ftC'Ili ...... 
!h.p. pe" •. 9-. a& My •• ., SeyH R. a 'M1e""P,'. 
CMIR:. 9="., 3M w. 
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8m ... Ali." ••••• o.l ....... Jt.B.AUt d U 1912. A ... ".UMQ 
.,.,. 10. eon Inlal ... _ of 11 •••• 1. P'- hu ... 
"" .'b, 2-3. , ... 
....... ".A. ..., H.L.Ga~.d. c .... ) 1m ......... pr_ r.nu. 
Sa tb ........ " ......... , pe" 7 HM' ?? III .x'* 
~. Dr 7 h"* a.' 439 "". 
aer.la,L.a., 19'78. r .... ""ffil. Ia. ,,- IUI.! $ dfllW" 
err 91" .. h' 7\ .. Capr".'· " .... , 
~ Ut-l'JO. 
HeGbt,'f. "'5.0 'laM .. 101_ ".1-. of ....... 0 ....... (0" •• ) 
durl ..... the -.altiDg OfOl •• '7" !Cry. ~!IJ" "I 
28 l-ZJ 2 • 
....... , .. , ........... and G.ahelf 19'78. A1t.naftl_ plOtelll _lie ... 
N ........ fllb ...... 'E ",ca- _.st., ... 
JI& IIIl : $ d* 8 7 .. a.. --., s·U.· 
.,I*',A.C,IlIIIJa.NU.lDi 'G , .. MMss ~ 
u4Hs 29pp. 
HU ....... !. 1ge •• lconOllics of _SlIp culture sa Aea.. ""* 
"'It '.'",'rR' Sn, .. lila pl., Ii .. rtf 
"'$'.'"' l'et'·"x. N!lm'n" lU.151. 
HUft.,H.. Y.Nod IDCS "''' •• 0. 1975.0 "dUt of ,._ luftI 
, ps,. 1ft 7' •• lad lOJOaU panio1 • .., .... P. 
~ '!al" 29. 9-13 • 
.......... .. D.".MDlSaU <eda,) 19". lUh PtlJaloloe'. "1.11. 
AIde's !DM' Tn Yu .. ' .0,S'777* 'at. SOs-MI. 
Horowl' .. A. .... " • ., ... 17 1977, Tn:. lIdol ooee."atioM •• 
pMtlUon1Dg 1a .."1_,,,**, ...... to. _" ...... 0. ". 
__ e~ ~ .... , CClDt1Dellte1. "1f. '.,,'.'"* 
1 ''',.!P 1"'., S. Hl0455. 
--.-, .... " •• W.L.OdfftD .. D ••• Ald.1ctl 1984. A pC.IW'II, 
.. 1£1 .e Ie.UtIU_ .. 1,.11 of • "PI1I •• 1 01 "Ad 
..... id .... __ Ibn op.nli. ~ =14 !· ... 1 ..... , 
151 95-105.0 
• 
21P-
.... 10 ....... 1M2 ...... odunS ....... 1.' lot •• r ..... of 
fM " 'sra.. .... ., " 'r1 ... IOU" IOI-3IJ. 
"_.".v • .-I r.. .. ColftD 1m. A IM.- tan ..., .. th •• fhOU 
of dhb with •• W •• las-. 1IIoa ......... retSoll Oft the 
Growth of ~11. *_ re_ "UMn' ... 
( ..... 1cJee. c..aooal. pw, 'SsM ... tepl, ..,. 8a 
,,..,,.. 
"_.r.". v •• t.. .. ColftD •• a.t..a.Jd I'''. _Ie ...., 0.10 .... , 
.......... d pit ........ 1 .... 18 of ... ceUfonla •.• *_ reS? •• eU"",,"" (D .... ,II., .... ,,-) 
.. e. .. SOO of _1, ...... 9 "t n Dplel ... 
~. U-H. 
... , ........... 1'10. Ibe .... ., 1I.1t.IIt.r etJe1a1e , dr \ 
C?9raW'" ell '''.S'' d at.) 
witb a ...... of .......... Sa nalia of .... i0oi o. ftIh... " M'n" ,=1" 19<1h ,.. •• 
",..a ... , .. 'I., " ..... nb, ... r..eooat ell _.1..". 1912. A n_ of 
the .f,.... of .... s.s • .,......... cUe .. to b .... 1M_ 
(' 9. -$ 7 d. bee' .,14 '.'.\, ..... J,ltI-JeB. 
D ........ III. 1911. OIl the Ute "",., o. Mrs '. .,." 
-<1Uu.) .... the Arh1le .... bU, ....... a*" 
2OCll). , .... ". 
!Mi, 'I. 19'7'7. A .. anlt .. Sa _allow ..... £'9' • a .. Ue 
__ -0 AZ"· .. u.!"~ '1So)~, 
In pellt" In JIPe 
1"',D., c.oti-, c.., ........... ;.. .d H." __ 1912. 
Dl .... Ut'"_ of .u....,. CDlIl" a. 0 ... -1. 
DlfdUb'"ty of ..... ., prOMa.. a. rda..., ...... 
_U, ... ~ _ fl-" •• ""."U. (a. .1" •• 81 
with I8gU_. 117) 
,,-•• -so.1t. 1,.2. tbe .f .... of .eQ1ft. dt.lc, peete'" u..1 .. 
.... _owth .......... I.OD rJlUo. pcoula ut.Ua--U • 
.. __ CI "',.,'_ O' j-.oil.e Dl.'e "",'h"". 
X2' ' tel. Am n"m, 21( 1-4) •• 3.s.. 
') 1 q 
'- " 
; .. ,D.A.. Ae'.'." end I.AWe1 It ..... 1'19 .. 'Wt .. _ .... 
Pl ... '.* Of '-"1ft.l aieU fol I •• ja~ tit. 1 .... 
of"_ t 7 am .ne. e n'ltl", 11 .. t IWI, 
.,. ... D.A.. Ae ....... a ,,0.0. 19'" ItUlS1e •• the -'dtloe.l 
~~ of tit. len.l 8t.,.e of Pe,,, h 72"" 
-Sat ldeIo ... ~-.a a.u .. fJ&, ."L M .. I 261-2". 
Jo ... ,D.A., "It. s17 .... AeAC ..... 198'. 
Uub __ .... 0 •• ..,.u1ated cS1eU. Aq IlI'IIlt .. ,.. I 
US-Ita. 
Jonll.D.A.. T ....... 11 ••• I.J.CS ; ... U. J.a. .......... P.A-G7IIti,,, 
11'" ataIs. _ tate ... 1ID ..., .cS,-.lUty of ~o-
SIIS, .. 1 .... aug Joe ... in .... t.o1e 'utu.. lsi G • 
.... a. - 1 •• TlII' •• ,-.). rpg, MIl.' , ..... 
• 'Map. "elec. oe SSt Ielgl" 1"5. 181,1, 
c ........ Val.Dl_ ...... '$ Ut 221-211. 
,-... D.A. .... a.n .. ~ •• '.A-GSltaa" 197 •• IIlCIIO •• alee .. 
uUlicul ~1 .. for ..... ,"_, 1 .. «.18. 
'-e U 0 d .. M'. IIWJS. 
-Joseph, J.D. hi! 1.1'.'''' •• 1975. Wpit MtJ .. it ID ; 1I1U • 
• , __ .. ela .. _.,.u. a ..u. lid -", . .,. 
(IS.) • 
Jo .... J.D. led J,I.",U'" 1975. 1M_ bd1 oUt A pet I7U.l 
... eMiU_ ,. _ .... 1"' •• 'w. bY "Itmal. 
.... " In-152. 
~ ... D. 1982. ..... _lU.,.I_ 01 IDoc1 org .. 1 .1 Sa b ...... , 
,.ob~ .. plOp."« 101au_. 'aa .•• , CPUMl 
hU'l"U' aa,. .,,1, ~ lpti. ta Ut-I20. 
KalJ' ___ ,M. 1983. .,Ieft 0' •• lIaS." ~ ill'., powah, 
........ ,ao. p al cd pco·'-•• ClDDI sdUoa 0' 
......... &1. __ 'e'1ne H.,MUM 1lc1wrda, ',M flerU-
M. 'trH , esn'll II MrutO ."". a "r!nl"'.' 
ggu. SmftM: " ... 
220 
.......... A. S982. p ... 11 lut, ...... 1111 o.D.Pndu. c.-:I.L-.fIkIe 
•• D.a.C_~ ( .... ). !tOp.'S -t leU. eel. • 
__ 1M• _"'''''1 It' rsrpel ... DDw'PP'ul 
••• l1li1. ... ua. """1,, •• lM'r' ' .. IDly •• 
• .., .. ns· '? ",.,. pp. 8'7-105 • 
........ A. 1983. I'''', Of PboepboUpU8 ... -..uc ._18. 
IlIA III Abc' .. "11" S.s. Un -:lIP ..... ) 
.......... StM. Mwtdt10e of ....... pI __ .4 Ib,SIIpI. " •• 
run ""'''''.el c ...... Slat. SII1S- II bSSs" 
._II."ms , IWI."" NUpp,."uu., 12S·130 • 
...... A. 191!. IUao perUnUtt. 4J. .. ta 8), p._ 1 ..... 
Y?"'.' Z2(2h ~1. Uli .J1Ip .... ). 
_ ..... A. -.5 s. Tetbt- 19'7'7. ~tb .. :I.a o. '1My IICd4a b_ 
.. ate JD the pc_ fen .. ,-=" .... ,. ft •• 
'SCrb,. UN,,, 26 •• 9-53. 
JtaD ... "A. -.ad s. 'leIh" 1911. •• .-oth1 eN- ect •• o. tt.e p .... 
'PU. at. !SIao II&, "." .7(10)1 un-1m. 
ac.a ..... A.. 1.I'eIhJlla ., M.._ 1971 ••• quh ...... 0' __ 
-rens' " r" .. "'1lUf1 fattJ .oSd .... ~ 
art, 'Sctt', lib ... as 2'7 .. 31 • 
......... - ..... ' ........ Mo'.'unto 1915. Sf.", of c11eUrr 
up, •• , '-'" _ill ... IIhotIboUpSdI _ p"", ..., 
nrftftl of PI ... ,r • '1' , .. aw ) 1.,.... 
!mE 7uu"P' SO, ,. .. 9. 
D ...... ,A.. '." __ " .. "-... aIIt 19M. ~ of 
·· FobeII1-. CDUC. Manoena" ed lcoa. ., au.. fa., 
'sssrt'., VRiy_. 3S(1), ta-'71. 
Jr ....... A.. 8." ... __ ed8.YoU ... 1977 •• lut,''' •• l .... ' ....... 
. of PI _ VIl. &IteR of tI.lftery u.pilll _ trowtb. "" • 
• !II, ~ "." ", 211-211. 
!te ...... A. ••• ""'" •• '.I'OUw '9"" • ...., ......... of fahJ 
_ill frO. pal.'" IIdd 1ft tit. PI'-. "PRE' "_ 
a.. ,.. V-· 'Sce" 91" .... 11-20. 
, ....... A.. Relb.., •• M.1tewM*' K.1telh1 •• 1970. 
tl1aU1UOIl.l ,*"u-ata of Pw .. -I ...... SaO-
_'UScS'l diet. I,U • .,!9s.-!Q, n...... 16, 
949.'54. 
'-..... Ao. ••• t'_.a. 1.1''''' ..... Jt.~'..,a 1971 .. 
lfuUltSOMl .~.,.. of ~ .... III lequ1 ... .,. 
for IteIOl •• lulL is,. S. !Il. WA,h., 37(S). 
211-215-
Jt ....... Ao.. "'heeke. S.Te.'" ea4 x.JCub, .... " 1971b. 
221 
N\d:dUOll.l 'equ1r ... of Pr .. .JIZ. t1t1Uatklll 
of the dAndf ..... ~. Nl .... !sIIJ, I8&, Wa .... 
n(UI), UllS-1019. 
&.s ..... A.. 1.1' __ • .. .. *- end 1I •• a.,_ 1918. Iffeat of 
eiOOetpen ••• 010 add 00 91ow,*, eo&! '.-qo .t 
c: ,""\100 of the PUtlll PI,.S;' 1s _yu.. lin 
/ ,.. !tab.. 'r7e ,., Vpiy.. 21( U, 3WO • 
.t" ....... A.. '. '1'e8b.. ...... eo ea4 T."_" 1911. DlItarr 
proteiD req\lUlllent of the ..... ___ _ 
•• -' .... Ihall .... fa, II,&,. V .... • ,(to). 
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"C'ZMMM rr ".' ,yll .. d .. 'P''''- d lap". ."SR d .4as .... , 16. 15-90 • 
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'.1oD bf Pals 'If' (Cnet_e, D .. apoae'. ZiM 
flu .,eana of , ••• ....,., at.. .. ..,.uo. .at 
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REUTIVE EFFIClE:-IOES OF PELLETIZED FEEDS Cm1POUNDED WITH 
DUTERE:\. A/Io'T\IAL PROTEINS AND THE EFFECT OF PROTEIN 
LEVEL 0:-1 THE GROWTH OF THE PRAWN PENAEUS INDICUS 
SV6D AHAMAD Au 
Celltral ,Ifarille Fisheries Research IllSt itllte, Cochill-682 018 
ABSTRACT 
L 'h)rlt~r)' C'I;periI11!nts with four pelletized feeds, compounded sePlr31e1y with the animal proteins 
from prawn \\35tc meal. m:mlis shrimp protein, clam melt p:lwdcr and fish meal in combination with 
the plant protein from groundnut cake, were condu:ted to study the rclali\c efficiency by fceding 
juvenile Pennells indirus. The animal and the vegetable proteins in each feed were approximately 
adjusted in the ralio 1 : I. Tapioca powder was used as the source of carbohydrate as well as the bind-
in g a~ent. The control eweriment was carried out with the feed prepued solely from fresh dam meat. 
Feeds wilh ml ntis shrimp protein and cl3m meat powder gave high iDcr~ase in live weight and good 
food cJnversion vllues follow.:d by tbe feeds witb fresh clam meat. prawn waste meal and fish me31. 
Feeding experiments with pellet ized feeds, consisting of mantis shrimp protein, groundnut cake 
and ppioca powder with crude prolein contenl ranging from 20.5 % to 46.5 % were conducted 00. the 
juvcft,ile P. indiCia. Progressive increase in the live weight gain was recorded with the incr~ in the 
crude prolein level upto 42.9 % and decl ined thereafter, while the protein efficiency ratio was the highest 
at 20.5 % crude protein level. . 
INTRODUCTION 
I 
TH6 while prawn Penaeus indicus ha~ been 
identified as one of the most suitable sp,cies for 
intensive culture in coastal aquaculture practi-
ces. The development of a suitable feed is an 
imponant pre-requisite for the successful cul-
ture oporations. For that the basic knowledge 
on the nutritional requirements of the prawn is 
essential. Commendable work has b<en don e 
in this direction (New, 1978) and a number 
of feeds have been pateme<..l in various countries 
of the world. Very of len these feed formula-
tions cannot be d irect ly utili zed due to either 
the non-availability of the raw materials or 
their prohibitive cost. 
Protein forrns the most imponant constituent 
in prawn nutrition. Several workers have 
conducted studies on the protein requirement 
of different -sp:cies (D~shillll\fU-iDd . Sh(g~o, . 
1972 : Sick el of., 1972; VcnlfafarlUJYliab el 01., 
19.75; Balazs and Ross, 1975 ; Colvin, 1976). 
In tbe present study, an attempt b~s been 
made to study the relative efficiencies of solne 
of the locally available animal protein material~ 
to be included in prawn d iets and the protein 
requirement in Ihe feeds in terms of the raw · 
materials for the culture of P. illdiclls. 
The author wishes to exprll!ss his sincere 
thanks \0 Dr. E. G . Silas, Director, Central 
Marine Fi sheries Research Inst itute, Cochin 
and Dr. P. V. Rao for their encouragement 
through the work and to Shri M . S. Muthu 
and Dr. M. M . Thomas for critically going 
through the manuscript. Thanks are due to 
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Dr. P. V. Prabh ,d Shri K. G . Ramachandran 
Nair, CIFT -::ol.,in for providing the mantis 
shrimp pH n. 
MATERIALS AND METHODS 
Raw materials 
The prawn Waste includ~s head and exosk~le­
ton obtained from the poeling sheds. Mantis 
shrimp protein was prepared from Oralosquilla 
nepa. The wet malerial was boiled in wat~r and 
the coagulated protein was separated and dned 
(Garg el aI., 1977). This matdial was obtain-
ed from the Central Inst ilute of Fisheries 
Technology, Cochin. The clam (Vellorila 
cyprenoidca) meat was sepa raled from the shells 
by heating and the whole meat was dried . 
Fish meal was obtained from the Kerala Fishe-
ries Corporation, Azhikodc. Groundnut cake 
and Tapioca (Manilwl utilissima) Were procured 
from the local market. All the raw materials 
were dried in an Oven at 70-80'C and ground 
in an electrical grinder and sieved through 60 
mesh sieve. Fresh clam meat (SUllfleta scripta, 
82 % moisture), stored in the deep freeze, was 
given as the control diet. 
The crude protein contents of the raw mate-
rials, determined by the micro Kjeldahl method, 
are given in Table \. 
protei n sourc, in all the fc,ds. Tap'oca powJOl 
was I cd as th, mlin sour" of carbohydrate as 
well c the binding agent. Calcium lactot: and 
potassi um d lhydrog,n phosphate and multi- . 
vitamins WOle included in all feeds. 
Tapioca powder Was fir;t cooked w;th 40-
50 % of water for 10·15 minutes unt il the 
slarch g,latinisod . The a_her pwn'x:d ingre-
dients Wol. add:d to the p3; le and thoroughly 
mixed into a dough. The dough was pass:d 
through a 3 mm diaml!ler dIe in a screw pr~ss 
The p:llets W'f< dr ied at 7U·80' C and fo und 
to b.: qu ite \v.lt.: r stab!!.!. 
Rt'aring 
The juveniles of Pellat>us indicus, us.:d in th.: 
feed ing expOlim,nts w:re collected from the 
backwater canals around tho Vyp"n Island 
The animlls W;te acclimatiz:d for 5-7 d,yS 
and starved for one d.y b,fore th : stan of th, 
exp,rim, nt. 
F~ding exp:riments w~r< conducted in 50 
litre capacity circular p'astic troughs_ Ten 
animals were slOcked in each trough. The 
troughs wero cov~red with vdon screens to 
prevent the animals from jUJT1ping out. The 
sediments Were removed regularly and the 
water was chang<d once in three days_ A~ra­
tion was provided with an air compressor_ 
Preparation 0/ the experimental/eed, Feeding was done at the rate of 10-15% 
In each feed the animal and the plant pro- of the liv~ body weight once in a day in the even' 
teins Were approximately adjusted in the ratio ing hours in p>tri dishes kept at the boltom 
I;/. Groundnut cake was the common plant in the middle of the trough . The food left 
TABLE I. CmJeprolejn value! o/the raw m:lfer;.J/J 
Prawn Man :is Clam Fish Grvund- TJpIO ' J. 
IngreJienls .... Jsle shrimp meat meal nut cake 
meal protei n powder 
Crude prOICIO Cl)ntcnl. 0 o on 
dry b;t)l!o J 5 .~ S~ . 2 -18. 1 6il. l 4S.) 2.0 
----
r 
r 
I 
I 
I 
I 
I 
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ova was rcco\'~rcd e\\~ r'Y day b;: fore fcedi ng. 
\\'cig,ht anJ m.:a5Uft'rnCllb w.:rc taken eV~T)' ten 
days. t-;o attempts weco mad, to control th e 
en\'ironm':ntal condit ions. 
Ft'c,Jillp. (,Xp~"'il}h'l1 l J 
Four c"\p.:rim~nta' fl.:' ·.:d-; I! 2, 3 and 4 Wer~ 
compound~d s':PJr'I~:'Y with the aninnl pro-
teins from prawn waSle meal , manti s shr imp 
protein, cbm m ,at powd·, r and fish mea l in 
COmb!l1alion with the COIllJ1\On plant protein 
from groundnut cake. The ingred ients in each 
feed wac adjusted to give the same crude pro-
tein content of 35 %. The percentage composi-
t ion of the fee ds is given in Table 2. 
Prawns with an average body w, ight of 100 
mg were separately fed with feeds 1-4 and 
fresh clam meat for 30 days. For each feed 
two setS of expaiments were run concurrently. 
The salinity of the water increased from 1.8 Yoo 
to 7.5 %,. Th e temperature ranged between 
28.5' C to 32.5' C and the pH between 8.0 and 
8.7. 
The resu:ts of the feed ing experiments are 
given in Table 3. 
T ABl[ 2 p,'rrrntogc (Ompm ilion alld crude protein 
1'11111, ',I of r"(' (' ,po ime1/lo/ fret/ I \ -4 
IngrcdienlS o,~ 
Groundnul ca~c 35.0 
Tapioca pO\o,dcr 17.0 
Prawn Wlstc meal 45.0 
Mant is shrimp protein 
Clam meat powder 
Fish meal 
Minera l mix ' 2.0 
Vi tamin mi'l( " 1.0 
Total 100.0 
Crude prOle in ~~ 34.4 
Experimenta l fecdo; 
38.0 
31.0 
28.0 
2.0 
1.0 
100.0 
35.0 
3 
40.0 
19.0 
38.0 
2.0 
1.0 
100.0 
33.3 
4 
35.0 
37.0 
25.0 
2.0 
1.0 
100.0 
33.9 
• Mineral mix: Each kg of the feed contains Calcium 
lacta te 14 K; Potassium dihyrogen phosphate 88; 
Ferrous sul phate 106 mg, Magnesium phosphate 480 mg. 
•• Vitamin mix Each kg of the feed contai ns 
vitamin A 40000 I.U., Thiamin monon it rate 100 mg, 
Ri boflavin 20 mg, Nicot inamide 100 mg, Cynoco· 
balamine 10 mg, Ascorbic acid 50 mg, Calciferol 
4000 I.U., vitamin E 15 mg, Biotin 0.5 mg. 
TABLE 3. Results ofthe fuding experjmenl 1 fed l4'ill1 the feeds 1-4 and fresh d am meal for 30 days 
Description 
Initial average body ,",eighl (mg) 100 
Final 3\('ragc body \\('ight (ms) 380 
I ncrea~c in average bod) \ .. eight (mc) 280 
Puccl1tage inc re:lSC in average bod) , .. eight 280 
Average Sro,\,h (mg day) 9.30 
Total food con ~umed (g) 6.38 
Average food ingestion (mg, ar.im:d , da) 21.30 
Food ('0;)\'cr5ioo ' 2.27 
Suev!,al ~o 1-1() 
Experimental feeds 
2 3 4 
100 100 100 
51 3 497 250 
41 3 397 150 
41 3 397 150 
13.80 13 .10 5.00 
5.16 5.79 5.62 
23.6() 19.30 21.(0 
1.71 1.46 4.20 
80 100 70 
Fresh clam 
mea t 
100 
400 
300 
300 
10.00 
30 
• Fo:)d ('onvenion : A,'C'ragc rnte 0/ food ingestion Avcr:lSc growth rate . 
I· 
1 
If 
, 
'1 
I 
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Fe .g experiment 2 
l::xpcrimcntal feeds 5, 6, 7, 8 and 9 wae 
pr<pared cons l:,ting of mantis shrimp protein, 
groundnut cake and tapioca pcwder with the 
crude protein conlents of 20.6, 28. 5, 35 .0, 42.9 
and 46 . 5 ~o respectivdy. The percentage com-
pcsition of the feeds 5-9 is presented in Table 4. 
T ABLE 4 . Parelltage composition alld crude protein 
\ .J11Il's o/lhe e \'p:rillll'lIfOl /t'eds 5-9 
E;w;perimcntal feeds 
Ingn:dients 
5 6 7 8 9 
Mantis shrimp protein 14.0 21.0 28.0 35 .0 .42 .0 
Ground nut cake t9 .0 28 .5 38.0 47.5 57 .0 
Tapi(X:3 po\.\der 64.0 47.5 31.0 14.5 10.0 
Mineral mix 2.0 2.0 2.0 2.0 2.0 
Vitamin mix 1.0 1.0 1.0 1.0 1.0 
Total 100.0 100.0 100.0 100.0 112.0 
Crude protein % 20.6 28.5 35 .0 42.9 46.5 
The animals with an average body weight of 
200-230 mg were fed separately with feeds 5-9 
for 30 days. For each feed three sets of experi-
ments were run concurrently. 
The salinity of the water used in the exp' ,ent 
ranged from 17.3 %, to 20.3 1"00' temp.cat ure 
varied between 30.8 to 32.5°C and pH bel ween 
7.9 and 8.0. The results are presented in 
Table 5. 
RESwLTS 
In the first e<p:rim,nt, fe eds 2 and 3 witb 
mantIS sbrimp protein and clam powder topped 
among the protein materials tested, by produc-
ing an average weight increase of 313 % and 
297% and an average. growth of 13.8 and 13 .2 
mgJday respectively \fable 3). These were 
followed by fresh clam m:at (200% and 10 mg/ 
day), feed I witb prawn waste (181 % and 9.3 
rng /day) and feed 4 with fish meal (50 % and 
S mg/day). Clam pcwder gave tbe best food 
conversion (1.46) followod by mantis shrimp 
protein (1.71), prawn waste (2.27) and fisb 
/lleal (4.2). The food coQversion in tbe cas: 
of fresh clam meat was not determined, as 
there was heavy mortality. 
The average rate of food ingestion was the 
highest in the case of mantis shrimp protein 
(23 .6 mgfday /animal) and the lowest in the 
TABLE S. Rtsults 0/ ti,e /uding t xpuifMnt 2 led wit}, tlrt Iuds 5-9 for 30 days 
Dc>criplion Experimental feeds 
5 6 7 8 9 
In nial aVl!ragl! body weight (mg) 210 200 230 200 200 
Final average body weight (mg) 590 590 700 890 800 
(ncrClse in av~rage body ..... eight (mg) 380 390 470 690 600 
Pl!rccntagl! increase in J\crage body Wc:ight 181 195 2Q.1 345 300 
A verage growth (mg day) 12.70 13 .00 15.70 23.00 20.00 
TOlal food consumed (g) 8.66 7.05 8.97 8.88 8.77 
A\ crage ralc of food ingestion (mg animal'day) 28 90 23.50 29.90 29.60 19.20 
Food conversion 2.28 1.80 1.90 1.29 1.46 
Protein efficlenc) ratio· 2.10 1.96 1.50 1.50 1.18 
Survival o~ 100 100 100 100 100 
• Pr..>tCln effi:ie .lcy rJtio: Live w..:ight glin per gram of prOlclO consumed. 
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case of claim powda (19.3 mg/u,IY,'Jllima'), 
whil e: for prawn W3St.: and fhh J1l:,:tI the food 
intake was 2l.3 and 2l.0 mg 1day/animal '<>-
peetivel)'. 
W~ight gain increased lI' i\ll time (Fig . I ) 
in general. The increase in w.:ight \\'.15 the 
highest in Ihe last ten days and lowest in the 
"0 
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Fig. I. Growth curves of the prawn P. indiclls fed on 
lhe feed s compounded separately with prawn waste, mantis 
shrimp prolein. clam meal powder, fi sh meal and fresh 
clam meal. 
firSt ten days in the case of feed s 2, 3 and fresh 
clam meal, whereas in the ease of feeds I to 4 
it was vice \>erS3 . In the case of fresh clam 
meat frequent moulting, heavy mortality and 
cannibalism were observed . 
In general the animals were immediately 
attracted to all the foods. However, the pre-
ference was observed for prawn waste, mantis 
sh rimp pn'll ..:'lll . fr ... · .. h C';lJll m!at, clam p('Hvd:r 
and fi.,h m:al in the: d:C'r.:asing ord:r. 
The gain in liv.:-w.: ight incrcas~d w;th th e 
incTl;!as: ill crud~ protein lev.:l in the dll.!l lI plO 
42 .9' ~ (Tabk ~) and declined thercaf.er in ,he 
s<Gond exp" im~nt. Th. feed wi th 42 .9 % 
crud, prol ein gav~ the highest incre", in live 
weight gain (345 % and 23 mg/day) and b,st 
food conversion (l.2~). Th e protoin effiCiency 
ralto declined gradually with successiv.! inCTI!3Se 
in the dietary protein level. 
There was a sharp increase in weight b~tween 
35.0 and 42 .9 % crude protein levels, while the 
increase in weight from 20 .6 to 35 .0 % protein 
levels was gradual (Fig. 2, curve A) and again 
there was a gradual decl ine between 42.9 and 
46.5 % protein. The protein utilisation gra-
dually declined from 20.6 to 35.0 crude protein 
level (Fig. 2, curve B) ; it was steady b,tween 
35.0 and 42.9 % and il sharply d , clined between 
42.9 and 46.5 %. 
DISCUSSION 
Mantis shrimp protein and clam powder 
gave almost identical growth rates, while clam 
powder gave botter food conversion . But 
both are superior to fresh clam m~t. The 
growth obtained by prawn waste is comparable 
to that of the fresh clam meat . Venkatara-
maiah el aJ. (1978) observed that Penlll!us 
a:tecus fed with shrimp waste pellets gave good 
results. Sand ifer and Josepb (1976) found 
waste shrimp heads (P. selifems ) were a good 
source of fatly acids and pigments in the diets 
f OT AlacrobrachiwJI rosenberg;i. Similar re-
sults were obtained by Forster and Board (1973) 
for Palemon serratus. Prawn Waste protein 
is reponed to be having several essential amino 
acids (Foster, 1975). Fresh clam meat failed 
10 give superior growth results compared 10 
th at of the compounded di ets with mantis 
shrimp protein and clam pOWder. Kanam IVa 
II 
1 
I , 
1 
\ 
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(I al. (1970) r<por,cd Ihollho fresh di,1 of sho;,-
nec~(d clo m (Ta!'es i"!'piaarulII) go V" sup:-
nor growth compJr..:d ~J the compound:d diets 
for P(.'nal'IIS jO(lon ic /ls. Similar r~su: 1 5 w.:rl! 
oblained b) F" r Ie I' and B:ard (197.1) for 
Pa/aomlf} Sl 'rralllL But VCnk31 JTJm31ah t'1 al. 
(In.') fO llltd IhJI al lhough th: li v: f'kl j, SUC;I 
as ArtJ:mifJ n:1Up:il and !lhTJmp 111:a1 gJv.; sup> 
rio r growdl in brown shfJmp, a hi gh ra l.! of 
ch itinoclast ic bacterial IJlr~Cuon, ieJdlOg. to 
4 00 8 
-< . . _ >00 
~ 
" !: to 
~ 
'" ~ 150 
" ~ 
• 
Ilig . The prob: lactOr may b: th" iodine 
rich thyro-pro,e '. in the fresh dam (Perso nal 
d ',cussion with Kai W. Chow, Aquaculture 
D:pJrtment and Co-ordination Prog .. FAO). 
Fi sh m:al gav: comparatively poor r:sults 
as "porled earlier by D"shimaru and Sh lgeno 
(1972) ond Colvin (1976). The formor workers 
found that the amino acid composition of fish 
m:ol W.IS not similar to that of the prJwn 
. , 
•• 
" 
• 
,., 
.. .... . ,' .. "'. 
C1ND£ PffOT('If t.£VCL ("., 
Fig. 2. Gro'>'lh, dietary protein level and protein efficiency ratio cur.'es 
or the pra"," P . indims: A. Relaliorship Cctwcen the dietary protein ICHI and 
live-weight increase and B. Relalionship bcl\\een dietary pro!cin Ic\el and 
protein efficiency ratio. 
heavy monality was observed in these experi-
ments. The re latively poor performance ob-
tained by the fresh clam meat in the present 
study may be due to similar reasons. 
Frequent mo ulting was observed dur ing feed-
ing exp~rimcnts with fresh clam meat sugg.esting 
that this contains a factor which induces moult-
P. japollicus. The lalter suggested that the 
relat ive ddiciency of the amino acids, tyrosine 
and phcnylalanine in the fish meal may be the 
reason for its relatively poor performance . 
Prawns were obs;:rved to prefer prawn waSte . 
Th e odour it possesses may be attracting the 
animals and making the feed more palatable. 
I', .:"~L IIL :: J) ILL).) .\'JD 1:j·FLC I 01 · PROrU,\ LI \ELS 
Th ,~ prm.:in qUJ,l; ty of' th : pr.1\\·.1 \\" \,t: 111 t:; b: 
furdl:r im:'uvv.::i by b'::d J1~ It \\' . h (Y.h:=r h,g'l 
qu d ! l.~' prvil.!in mjlcrial~ ~u..: :, ;b In \ 1, '1, ~h n)T1?, 
in SLl Jt :lb !t,; pfupJftions, 
D:shinuru and Sa ig,no (197 2) 0b~:rv,1 th31 
1l1l' I!rt.)\\·dl of P.j.11)(wicll'i W.b fl.lJrd I I.) cnrr..;l..ll"-: 
\\' J tI~ th .: amount of crud : pro~.:in in th: d',:t. 
A sim I.lf tr~nd WJ S ob.5.:n·.:d by B.daz; and 
R os> (1976) Iha, high pro.cin con ,en, r ro:b c:d 
larg:r pr.lw,l.5 (.\f. rO L'; 11 JTgii), V ':ilkj~J­
c.lrbJh :;dra t. : in th: di..:: '" from w;lich the aninl'l1s 
llJrnnl ly d;r;v.: J11lbt of th .: cn.:rgy r ..! qu i r~d 
for th:;r m :tab,)~lc 3cd\,jti~s, In 1hal case the 
prot,i n in excss or th, optimum level is mostly 
ulilis~d for the m ' tabolic energy required and 
not for tissu, groll',h . Thi s is indirectly sup-
p)rt:d by tho fact lh3t th~ protein utilisation, 
111 t~rm; of liv.:-w:igln gJin, d~c1ines with the 
incr.:as.: in th.: d'..-:1 3ry protl!in lev.!!. Howt:ver, 
th is n"ds funh" study to establISh the fact. 
ral'u iah " I al .. (1975) fO.l ,d b:>1 gro .I"h "'; Ih Th, r:su"s 0: lite pr,,:nt 'Iudy indica te that 
th e food containining 40 "~ pro"in (P. a:l<Cus) tho qJj ' i,y of the prot, in in the d ,ots dcp:nds 
and Colvin (1976) record ,d h igh~st Ii\"-\I'~ight·. upon i,s sousc, and influences the growih. 
gain wilh a 43 % protein d ,el (P. indicl/ ' ). Th~ This is in accordlnc, \I';th the findings of Forsler 
fin, lings of exp,rim'llts CJrr;cd out in th , (1975) . Therefore for th, practical utilization, 
pres~nt study conform to lil, abo," r,su'<s. il w.1I b, moro r<ali slic to select tbe suitable 
Th; grow,h valu,s rocord,d in Ih, p,"s,1lt study raw nut,ria!s available in the region concerned 
(23 mg/dlY with initial w,ight 0.2 g) aro comp'- and find th , nutr itioml requirem'nts in terms 
rahle to that of Colvin (1976, 44 mg/d,y w;th of th, raw m lt:rials, instead of purifi,d prolein 
int tal w ~ight 0.95) taking into cons : d:ratio~ "nterials, such as clS,in . For the growth and 
tho. initial /ll!an w,ights of th, prawns. Th, food co~v,rs;on obtained by the diets containing 
fooo conv.!fiioll valu!s obtained are comp3ra- cas!in at a plnlcular protein Icv!!1 may be 
tivdy sup,rior. entirely different from that oftbe diets containing 
The op,i/llu/ll protein lev,1 in th, diets for 
p , naeid prawns app"rs to b , botween 35 and 
40 Yo. This is indicated by the steep rise in 
weight increase (Fig. 2, curve A) between 35.0 and 
42 9 %, while the increase in w,ight was gradual 
in Ihe low.!!' protein levds . This is funher 
supponed by the fact that the protein ut ilisation 
is steady (Fig. 2, cusve B) b'tw,en the two 
protein levels. Results from other workers 
C<'nfum that prolein levels cO/llpatible with 
maximum or near-maximum growth Wer\! 
b'lween 30 and 40 % for p~n .. id prawns (Sick 
01 al., 1978 ; Forsler and Boord, 1973 ; Venkata 
ramaiah 01 al., 1975). In general it is observed 
that the high protein levels in the d iet b,yond 
the optimum level do not produce significant 
increase in growth or the growlh is not pro-
portional to the increase in protein level. The 
probabl e explanation for this may be that the 
increase in protein dCCfC3SI!S the quantity of 
oilier energy giving nutrients such a~ fat and 
the s,lected raW materials depending upon their 
protein quality. 
The results of the pros:nt study show that 
the m lmis shrimp protein is one of the high 
quality animal protein sources for diets. Little 
Information is available in the literature about 
the use of mantis shri/llp in prawn diets. Consi-
d ·:rable quantities of m antis shrimp are landed 
along with the prawns. But most of it is not 
prop!Tly utilised. The utilisation of mantis 
shrimp as one of the prawn feed ingredients 
may b, a promising proposition. 
CO:<CLUSION 
Mantis shrimp prolein and dry clam powder 
may b, considered high qualilY animal prolein 
sourceS to be used in the prawn diets. Prawn 
waste provides desirable flavour at,d palata-
bility in the d iels for prawn s. Fr"sh clam J110at 
conlains a factor which induc..:s moulting in th~ 
I. 
, 
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juvenile prawns. Fish !'leu lone may b~ a 
relatively poor anim, protein source for 
prawns. Maximum gJ ",th rate is obtained 
with diets containing 42 .9 % crude prote in and 
the optimum · pr< ,i n levol in the d iets for 
penaeid prawns lie> botw~en 35-40 %. 
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JU\'l!lldl." of P. /IIditw (a'I.'r~lgl..' .~O mm length. 
O . ~ g wClcht). re;lrcd in thl..' hatcher\' \\'t' re: selected at 
r,lIld"om f~r fce:dlllg expcriml..'nb . -rhl.'~ \\ae ~tod,cd 
in 90 em di:Jme(cr plastic pools con t:Jining 300 lu res 
of sea water Ilii tercd through No,20 bloting ,il ~ cIO lh). 
The spe:cimcn<.; \\ere ind i\'iduall~ me:.tsu red fl..)r length. 
hut the: init i:.d :I\I..'ra!!C' we-ieht W;}s taken fro:n a samplc 
(,f 50 anim al, , acriti:'e:d for th i ~ purpv5C'. Te:11 anim.ll, 
"I..'rC sloc~e:d in each pool and two replicate"! wl!rc 
~ e pi for ellch treatmenl. .A. erdtion W.t o;; pro\'idcd 
IIllermi ltantl) In all the pools and the en tire wate r was 
changed once in three days. 
h.'edlng \\.L .., done at the f.tte of 11 0;) of the bod~ 
,~ eigh t once a da) in the evening hours . The: feed was 
~ept in petridlShe, a t the bottom of the pool. The 
left o\ er food was carefu lly collected , d ried and weighed 
and the sediments \\'ere removed n:lZularl\' before 
feed ing, The fced ing experimen ts were -con ti'n ucd for 
a period of :10 d .• , s, 
The salinity, oxygen and pH of the water were 
monitored whenever water was changed and special 
care was taken to see that t h~se pl rametcrs had least 
variation. No temperature control w..l~ exercised since 
the experiments was conducted at the given ambient 
tempera ture. T he range of these parameters during 
Ihe experimen ts were, sa lini ty 14 ± 2"00' pH 8 to 8,05 
and temperature 26,6'C to 28.2"C. 
Results and Discussion 
The results obta ined from the four experiments 
using the formulated feeds together with those in the 
control arL' e.i\1!11 111 Table J. In all thesl! ca~cs. the 
offered food Ilad heen generally acceplable 10 Ihi prawm 
even from Ihe firsl da\, Wil hi n Ihe 30 days of dura lion 
of the c\p:.?rimcn [ thefe WJS no significan't va riation in 
the accej1tJbility of tht.:sc f..:cds and it was also noticed 
Iha ll he quanli lY or fee d offered ( 12°; o r body weight) 
was more than what was taken. ind ica ting that the 
rcedinr. W.I" more or less "ad /iM/um", In all the treat· 
ment.;; ~thC' ani m:ll" were active and hea lt hy and no signs 
of dellieicnc\' were nOliced th roughou l the cxpcri-
ml!ntal period. 
The growth achieved in the cont ro l experiment 
wi th fresh clam meat as feed was 9,5 mm with in 30 
days and that was only an incre",e of 30.9"0' In the 
matter of weight the increase was to the extent of 130% , 
This growt h of prawns obtained by the use of contro l 
feed was inferio r to the results obtained by use of all 
the compounded feeds, Among the fo ur compounded 
feeds tesled , the use of feed NPC L2I produced the 
highesl growth ra le of 75,7"1, in lengt h and 400°1, in 
weigh l and the best food conversion effi ciency of 3,22, 
This is fo llowed by the results obtained by the use of 
feed NPCL,o in which the growth rate wa s 52,5°1, in 
length and 280"~ in weight and fo od conversion effi-
ciency was 5,97, The growth and food conversion 
obtain ed in pra wn s by the use of feeds NPC L" and 
NPCL u were alm ost si milar, the res ults o btained 
by these feeds bcing 63. 5°;. 242% and 7,78 a nd 57,6%. 
242% and 7,648, the growth in length . weight and food 
conve rsion efficiency respectively, 
T he components groundnut cake and cassava being 
the same in all the feeds. the combination of pra wn waste 
(25 % ) and mantis shrimp (35% ) in the ratio 5 :7 gave 
Table 3, Results of the f eeding experiments conducted . 'it}, the feeds NPCL,o to NPCL" and clam meat on the 
ju~'en;tes of P. indicu!i 
No, o r animals stocked : 10 nos /pool: Durati on of experiment : 30 days 
Feed No, 
Descripti on NPCL ' 0 NPC l Jl NPCL" 
Lnitial mean length mm 
Ini tial a\'era2C \~eight c 
Fi nal a\cragc leng[h n;m 
rinal a\cragc \\ eicht e 
IncrC':t"c 111 ~\'e ra(!~e \\eight g 
Increase in mean "l engt h~ mn~ 
Gro", th In lenl!th " 
Gro\qh in \\cight ":1 
To tal food I!i\en 2 
Total left o~cr fo~d g 
Total tood consumed I! 
f-ood conversion value .... ( + ) 
Survj,al loU 
28.40 
0,15 
43 ,30 
0,5; 
0.42 
14.90 
52.50 
280,00 
20,90 
1.3163 
19.%:17 
5,59 
75 
28.00 
0,15 
49,10 
0.757 
0,60 
21.20 
75,;0 
400,00 
20,90 
ni l 
20,90 
3 ,2] 
85 
27 .40 
0,15 
44, 10 
0,5 13 
0,363 
17.40 
63,50 
242,00 
20,90 
1.4397 
19.4603 
7.78 
90 
( + ) Food conve rsion va lue = Total food consumed (g) rotal weight increase (g) 
NPCL 2S 
27.60 
0,15 
43,50 
0,513 
0,363 
15,90 
57.60 
242,00 
20,90 
I. 7788 
18, 1212 
7.648 
90 
Fresh 
clam 
meat 
30,70 
0,20 
40,20 
0.46 
0,26 
9.50 
30,90 
130,00 
50 
~ 
I 
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the best perfonnance in feed NPCL". Hi gher con-
tents of prawns waste ab "'ve 25~~ and mantis shrimp 
above 35% in the fee owered the perfonnance. 
Therefore. the best c 'Jil,.tion of these two materials 
in the feed appears t e in the ratio 5:7 under the pre· 
sent experimental l Jnditions. 
The use of prawn "'.!ste and mantis ,hrimps for 
preparation of feeds for the culture of prawns appears 
to be very promising. Although. the four compou-
nded feeds prepared were readily acceptable to 
the prawns. there appears to be a relative preference 
to flavour of prawn waste which possibly is enhancing 
the palatability of the feeds . The feeds produced very 
superior growth in prawns in comparison with the results 
obtained by using the control feed of fresh clam meat. 
While clam has been conventionally used a, control 
feed in prawn rearing experiments. Aha.nad Ali (1980) 
observed in such cases heavy mortality and cannibalism 
leading to poor performance. 
The growth of 400::-. in body weight of pra"ns 
P. indicus obtained in the experiment using the feed 
NPCL" is far superior to the growth of 196.H8'" obtai-
ned by Colvin (1976) using prepa red feed with 33.4"" 
of protein consisting of yeast. molasses. prawn 
meal (whole prawn) and fish meal under more or 
less same conditions. By using pelle ted feeds consisting 
of prawn shell, fish meal and high rna! 511 grass, 
Venkataramaiah et al. (1978) obtained a gc,)wth of 
31.4% in length and 137,9% in weight in f. a:teclls. 
The growth obtained by the feed NPCL" in p, 
indicus in present study is far superior. New (1976) 
has reviewed the various works on preparation , 
use and effect of different compounded feeds in 
different species of prawns, The comparison of the 
results obtained in these studies is rendered difficult 
due to variations in experimental conditions and pro-
cedures. However the growth of 75.7'" in length and 
400% in weight and food conversion efficiency of 3.22 
obtained by using feed NPCL" in p , indiclls can be 
considered as very good under laboratory conditions 
and are superiol to that ot the control feed fre. h clam 
meat. 
While no reference is available on the use of man-
tis shrimp in prawn feeds, prawn waste had been used 
for preparing prawn feeds by Forster (1975). Sandifer & 
Joseph (1976) and Venkataramaiah el al. (1978), The 
relative efficiencies of feeds compounded separately 
with prawn waste and mantis shrimp protein for n:~lring 
P. indicus were reported earlier (Ahamad Ali, 1980). 
in which the feed prepared using mantis shrimp protein 
gave the highest growth and best fo od conversion \3lue. 
Both prawn waste and mantis shrimp contain fairly 
Itigh percentage of protein. calcium, pho, phoru> and 
cltitin (Madhavan & Ramachandran Nair. 1975) 
which are very important factors in prav.n nutrition. 
Kirabhayashi el al. (1971) showed glucosamine the 
breakdown product of chitin. is a gro".th promoting 
hetoT for the Japanese prav.·n P. jal'OI1l( liS. Th.u t h~ 
SYED AHAMAD ALI AND K. H, MOHAMED 
essential amino acids. fatty ac ids and pigments conta-
ined in the prawn waste material have growth promo 
ting role when fed to prawns in compounded feeds ~a, 
been r 10Tted by Forster (1975) and Sandifer & J, ,h 
(1976) It is also seen that addition of these mat . • Jls 
in the compounded fceds enhances their Ravour and 
palatability in respect of prawns. 
These two mate·rials are presently wasted in large 
quantities in the fishing harbour and peeling sheds and 
the cost of these materials is only nominal. It i~ impur-
tant that these materials are put to rational usc for 
enhancing the production by preparing low cost feed 
materials for the fast developing prawn culture indu,try 
in the country. 
The authors \\ohh to c,.press their !I /Oeere Ihanl..s 10 Dr. E.G. SIlas. 
Director. Central Marine Fisheries Research Institute. eachlO ·18 
fo r his encouragement in carrying out these studies. 
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Utilisation of Prawn Waste and Mantis Shrimp for 
Compounding Feeds for the Culture of Penaeid Prawns 
SYED AHAMAD ALI and K H. MOHVvlED 
("('JIll'll! Marine Fisheries Rcsennh ! 1I-,"(!IIlft '. tmhil1 ' Me OI X 
Wa ste materials like pra\ln waste (Pro tein 3W'". energv 3.69 Kca l:g) and mantis shrimp (Protein 
45"" . energy 3.72 Kcai'g) \l erc identified for providing animal protein in compounded feeds for 
cuhurc of pcmlcid pra\\lls. Four different feeds were formulated and pelletized using prawn waste. 
manti, sh rimp. groundnut ca l-.. c and cassava to evaluate their acceptability as feeds. These fl!cds 
were tried on the Indi an white prawn Penaeus i"dicus and it" growth and food conversion efficiencies 
"ere found out. The efficiency of these feeds were compa red with the results obtained by the use of 
conventional feed of fresh clam meat taken as control. Short term feeding experiments conducted 
on juvenile P. il/dicus at the Na rakal Prawn Culture Laboratory showed that the feed No. NPCL" 
having a composition of prav. n waste 25°0 , mantis sluimp 3Y' o . groundnut cake 201) (l and cassa va 
20"" gave the highest grow1h rate (length increase 75.7';" . weight increase 400 ~,, ). Among the feeds 
tested the highest food conversion efficienc), of 3.22 was also obtained by the u~c of th.is feed . 
The feed was readily accepted by the prawn and that their growth was far superior in comparison 
with the gro\\1h parameters obtained in the control. 
The nutritional values and characteristics of these two low cost animal protein sources as feed 
ingredients have been discussed and detailed methods of preparation described. 
Appropriate feed is the most important pre-requi-
si te for the development of scientific prawn culture 
through its various stages. Earlier workers in Japan 
used clams and mussels for feeding prawns (Fujinaga, 
1935; Hudinaga , 1969) in culture systems. Later, 
through the development of balanced compounded 
feeds (Deshimaru & Sh.igano, 1972) it had been possible 
to develop intensive culture of Kuruma shrimp Penoeus 
aponicus (Shigeno. 1975). Subsequently several 
studies were conducted in different parts of the world . 
on penaeid prawns to develop feed s (Cook & Murphy. 
1969; Cook, 1973 ar;d New, 1976) using various feed 
stuffs available in the concerned region . Several 
compounded feeds have also been patented by various 
workers in different countries for cu lturing of aquat ic 
orga nism on commercial scale. 
In recent years high priority is given for the deve-
lopment of marine prav,"!1 culture in India. utilising the 
coastal swampy areas, to augment th e production . 
Among the several candidate species suitable for cul -
ture (Forster & Beard , 1974) the Indian white prawn 
Penaeus illdicus has been i lentified as the most suitable 
species for culture in coastal waters. Suitable hat-
chery techniques have been developed for mass pro· 
duction of the seeds of this species at the Prawn Culture 
Laboratory of Central Marine Fisheries Research 
Institute. Narakal. 
With a view to develop 10\1, cost nutritionally 
balanced feeds for the culture of P. iI/dicus, locally 
available low cost materials like prawn waste. mantis 
shrimp, groundnut cake and cassava (tapioca) were 
identified as the feed ingredients. The acceptability 
and the rela ti ve efficiencies of these feed materials for 
the prawn were already reported by Ahamad Ali 
(1980). The present study is taken up for exploring 
diversified utilisation of these products for compoun-
ding low cost feeds for the culture of penaeid prawns 
in the grow out systems. 
Materials and Methods 
Raw materials used were prawn waste. man tis 
shrimp. groundnut cake and cassava (tapioca). Prawn 
Vl.astc consists of the entire exhoskclcton . the head. 
C)CS and eycstalks. hepato pancreas. gi ll s. residual 
meat in head and the intestine of prawn s. For feed 
compounding this conglamorate material was collected 
and brought to the laboratory and was sun dried on 
cement platform without washing . When full y dried 
it was made into a fine powder using micro pulverizer. 
The mantis shrimp is a stomatopod caught in 
abundant in the early fishing season for prawn s. Large 
quantities of Orato squilla nel'a occu r jn the trawl 
catches along with prawns during November to January. 
During the season tonnes of this species are sorted out 
and discarded in the fishing harbour and other trawler 
landin g centres. The meat content of the animal is 
very low and major portion of its body consists of 
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chitin. These were collected . dried and powdered in 
the same \Vav °lS prawn wastc. The cassava powder 
as well as th .' 'oundnut cake were obtained from the 
toeal rna d. 
PreparatIon ot Feeds 
Four feeds no< :-'PCL, •. NPCL". :-JPCL" ""d 
NPCL." "ere fMmulated "'ing the abo,e ingredients 
io differen t propor ti ons keeping the protein level at 
34° IJ' The percent..lge of prawn \\last\! and mantis 
lihrimp were \ Mic:d from 15 to 45"0 while I!foundnu tcake 
and cassa\a Were kept constant in all the four I!xpcri-
mental feed, (Table 2). The powdered ingredients 
were weighed ... eparately Jnd then mixed and homoge-
nized in an c\ectrical blender. Water (900 ml for I kg 
of feed) was added "nd cooked at I psig for 
15 minutes. The feeds were then kneaded into a dough 
J.nd extruded lhrough .1 mm diameter extruder and 
dried in the o'cn a t 70 ± 2' C for 12 h. The control 
feed was prcp,lred from clam ( SUlJllela scripta } meJ.l. 
The crude protein \'ias estimated by Kjr:ldahl 
method. lipid "as <s timated by using methanol chloro-
form mixture (1:2 ratio) and moisture .l nd ash \\I!r\.! 
determined by the ".O.A.C. methods. The c:llorific 
value was determined by the bomb calorimeter. While 
calcium was estimated by the titrimerric method. 
Table 2. COI'lposilivlI 0/ rhe feeds alld {reslr clam 
NPCL" 'lPCL" 
(a) Ingredient' 
Prawn wast\.! 15 25 
Mantis ~h ri mp -15 35 
Groundnut cake 20 20 
Cassava (tapioca) 20 20 
Total 100 100 
(b) Pn)'(im;ltl! ("omplhi[t on 
C rude.: prl){~i n 
(" 
" 
on dry b.I'is) .13 .7 1 .1 2.83 
Lipid 6.50 6.72 
'\'- fre-c ~\traL'r 
(b~ UI ifcrl.!nl.:l! I ~\l . ~ I -p I" 
A..,h 19.3~ 17.30 
ACId. IIhuluhh: ;[.., 1\ 0 . .19 o 1>' 
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phosphorus was determined by the colou rimetric 
method using mol)bdo vanadate reagent 
The composi tion of prawn was mantis shrinp. 
groundnut cake and cassava used fOI the preparation 
uf the feeds is given in Table I and the composition 
of different feeds and fresh clam mea! in Table 2. 
Table I . Him hell/ieal (OmpOSilloll u{ pfall 'n II ·aste. 
lIlul1tis ~hriml'. ~rtJulldnw cake llnd CaSSll\'G 
Description Prawn ~1Jn[is Groun- Cassava 
waste .,hrimp dnut 
cake 
Crude protein 
" (TN , 6.25) 
dry wt. basis JX. 20 ~5 .71 ~H.5-1 2.00 
C:irbohydratc 
('loon dry ba~i") 1~.50 68.50 
Lipid 7. 52 7.55 10.-10 0.5 -1 
<\ sh 23.95 2.1.63 6.30 1.-15 
Acid imo-
luble ash .. 3.93 I. 3~ 
Calcium 7.1~ ;..:.O~ 
Phusphoru, 1.22 1.26 
Calorilic 
':tluc (k cal g) 3.69 ' 7' J. _ 
melll 
Feeds Fresh 
NPCL" 'PCL" clam 
meat 
35 ~s 
25 15 
20 20 
20 20 
100 100 
33.29 33.7 1 -15 . 10 
x.20 0.-1.1 1.1.00 
~ U~2 '+3 .0.1 39. -: I 
16 .~ 'l 16.x3 2 19 
lUX 2.3 1 Tr:.lc~ 
• 
.. 
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numbers mixed wilh olher pelagic groups. The 
species accounled for aboul 0.3% in Ihe tolal DSL 
population in lerms of number (Menon and 
Prabhadevi (1990), Ihe maximum percenlage being 
81.3 recorded in the oceanic walers off Colachd on 
the southwest coast. The species is found to be 
occurring all along the west coast between 
Kanyakumari and DwarakJ (Fig. 2). In the positi ve 
hauls, theabundanceof crnbshowed vast variations. 
Majority of these hauls yidded only stray specimens 
numbering less Ihan 10 crabs per haul. Table I gives 
details of the samples containing more than 10 crabs 
per haul. In general, relatively more number of 
samples rich in crab population was recorded in the 
region between Ratnagiri and Mangalore, and Co-
chin and Kanyakumari, the mtlximum abundance 
having been observed off Trivandrum to 
Kanyakumari. Whenever rich ca tches were recorded, 
Ihey were found to be sporadic and there was no 
consistency in the occurrence of crab in any particu-
larregion. The maximum number per haul amounted 
t0862 which was recorded offColachd in theoceanic 
waters where the depth of the sea bollom was over 
2,700 m. 
AnJlysis of ca tch w ith rderL'ncc tu uifferent 
depths of occurrence indicates that the species is 
distributed only in the outer continental shelf and in 
the oceanic walers. The minimum depth of the 
sta tion from \\'hcrc the species hns been encountered 
was 93 m at Lat. 18'30'N. 111e species showed its 
presence in varying densities within the shelf region 
uptoabout Ratnagi ri, and beyond this it wascncoun· 
tered only in the oceanic waters far beyond the 
continental shelf. 
T.:lblc 1. Catch dttalls of CharybdiS (c.) sn1LlnLi 111 IhL IKMT 
m l/ul jo,n y,rldl1lR mou than 10 (rabs/h""i 
----
------
St. Posit Ion lkrlh Total rcrccnlOlgc 
No. W!. Long. at nUnloc'r in lotal 
(N) (E) slation of biomass by 
(m) crabs number 
I. 08° 24 ' n Q SO' 1S21 13 3.6 
2. fJ7" 30· 75° 30' 2765 862 81.3 
3. fJ7" 30· 76° 3 J' 1492 13 13.6 
4. fJ7" 3]" 76° 47 1670 76 22.3 
;. 08°00' 76° 50' 99 17 21.2 
6. 08°30' 76° 12' 68Q II 4.5 
7. 09'29· 74° 15' 2671 162 48.0 
8. 11 ° (X)' 72·01· 16H 10 IS.8 
9. 14°00' 66°)3' 41 09 59 8.5 
10. 14° 59' 73° 00' 229 37 14.8 
II. 16°00' n° 40' 501 96 S9.2 
12. 16a O()' 68· 30· 3751 13 3.6 
Seasonal distribution and abundance 
The species was encountered in the samples 
throughout the year except during May and june 
when there was no IKMT collection. In order to 
study the seasonal variation in theabundancrof crab 
in the DSL, the ca tch data have been pooled and 
averages taken for 3 seasons, namely, premonsoon 
(Februa ry-May), monsoon (june-September) and 
post monsoon (October-january). It is found that the 
average number of crabs pcr haul varied signifi-
cantly in different seasons of the year. The average 
catch r'te per haul worked out to 6-1.79, 7.62 and 23.6 
(or premonsoon, monsoon and postmonsoon S('a-
sons respectively, The maximum number of crabs 
record ed in individual sample (862) was obta ined 
during the premonsoon season (Apri ll. 
Diurnal variation in abundance 
From the analysis of thedat' collected during 
day and night separately, it is seen that during night, 
crab abundance was very high occasionall y, but such 
rich collections were rather sporadiC. (Tables 2 & 3). 
In thedayscriesof co llec ti on, however, wide fluctua -
tions in the abundance of crab were not observed as 
in the night series of collection, The maximum 
number of crab per haul recorded during the d.w 
time was 68 as against 862 crabs in the night. • 
BiologicJlobservation 
Si::c COHll'ositiotl 
The IKMTsamplescontainc'<l all the life stast's 
of th (, s\\!arming crab, viz . zoea, mcgalopa, juvenik, 
subadult and adult. The juveniles dominated III 
most of the samples examined . The size frequency 
data have been pooled together and plotted sexWlse 
to stud y the general size composition of the specie> III 
the DSL (Fig. 3A). It is seen that there is not much 
variation in the size cumposition between the two 
sexes. The size range of the crab, after the megalopa 
siage, was from 121064 mm C.W, for male and 12 to 
60 mm CW. for female. juveniles measuring 12 t020 
mm CW. formed the major component of the crab 
popu lation for both sexes. In the advanced size 
groups, comprising of subadults and adults, indi-
viduals in the size range 34 to 54 mm C.W, were 
fairly common for both sexes. A study of size fre-
quency distribution of some of the rich collections of 
thecrab(Fig.3 B-E) has shown that the richness of the 
crab s..1mp)es was due to the abundJncc of juveniles 
in the size range 12 to 20 mm CW. 
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18°00' 
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17" 30' 
14"30' 
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16" 30' 
09° 00' 
P~lflon 
E 
71"CXr 
75" 32' 
74°54' 
76° 12' 
74" 10' 
73°{)(r 
74°01' 
75"(X)" 
76°38' 
76" 50' 
76" 38' 
76° 26' 
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7~" .,. , > .> 
72"U I' 
74° 3U' 
69° 59' 
60" 34' 
7J",XI' 
n "oo' 
60S" 31' 
67"00' 
67" 30' 
67" 00' 
n"41' 
73" OJ' 
6"? 30' 
75° 00' 
Tot.)1 
1I111111"'r 
of crab 
----
I 
68 
2 
I 
9 
I 
I 
3 
iJ 
17 
1 
2 
3 
1 
10 
3 
4 
59 
37 
4 
13 
I 
In the total crab population, the percentage 
composition o f male and female was 52: 48, thereby 
sho\-\'ing <l slisht prcpondcr;mcc of males. In thc 
larger siz(' groupcomprising of sub:ld u Its and ad u 1 ts. 
the overJIJ sex ratio WJS 47 : 53. 
RrMARKS 
A\'aiJablc information on the distribution 
pattern of the swarming crab along the west coast of 
India shows that the spc'Cies occurs only in the south-
west coast upto about Bhntknl in Kamataka coast 
(SiiJs, 1969). The present s tudy reveals that the 
species enjoys a distribution throughout the west 
coast of India. Since the present investigation is only 
based on the IKMT 5.1mples taken from the pelagic 
rcalm, it is no t certain whether at the bottom also the 
species occu rs throughout the west coast of India, 
The fishe ry resource surveys ca rried out by the 
Polish vessel M. T, Muraow on the continental shelf 
and upper con tinental slofX' al ong the northwest 
T "~II :'\ CIJ /(h drllllls of Ch.lr)'bdis (G.) smithu 1M trot nJ..;hl ~rli'S 
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13 
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C0.1~1 (1( I nd ia in late $Cyenties (5a pa t ct al .• 1982) h.l \ 'C 
no t lllliic.llL'J the pre-scnce of this speCies In tlK' 
bottom tr.nyl catches from any areas north o f Karn.l-
ta'a. Examination of the trawl catch data of FORV 
Sagar Sllmpada also docs not revea l the presence of 
Ihis species in this region (Suseclan et al., 1990). The 
poor abundance of C. (C.J smithii in the IKMT collec-
tions c)'.:lmined from this regio n during the present 
s tudy could indicate less_possibility of the existence 
of a rich benthic population uf the :,pccics dlutlg thL' 
no rthwest CDJSt. 
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EFFECT OF CARBOHY DRAT E (STARCH) LEVEL IN PURLFI ED 
DI ETS O~ THE GROWTH OF PENAEUS INDICUS 
SYEO AHAM.w Au 
Cell/ral A1arillf' Fisheries Research I nstitute, Cochi,1. 
ABSTRACT 
Four purified die.lS were fo rmulated using casein, gdatin, starch , fish oil , 
groundnut oil . vitamjns. minerals and cellulose. The carbohydrate in the diets 
v. as increased from 10 to 40 t;O by varying the starch content to study the effect 
of dietary c.1rbobydralC Ievd OD the growth . sUf\'ival and food conversion of the 
pra" n Penatus indicul" The prote in and the lipid contenls were kept constant in 
all the diets. Feeding experiments conducted in the laboratory on the juvenile 
P. indicu.s inwca.ted that the growth of prawn increased with increase in the dietary 
carbohydrate level from 10 to 40% (P < 0.01). The food-conversion efficiency 
and the rate of survival improved with the increase of carbohydrate level in the 
dtet. The growth al80 iDcreased with the increase of carbohydrate caloric ratio, 
.... hile it wa" better with lower proteiD carbohydrate rat io of the emts. 
INTRODUCTION 
Carbohydrate is a cheap source of. energy in the diet of animals, includ-
ing fish and prawns. If a large percentage of the metabolic energy requi£emenL< 
of the animal can be met from the carbobydrate, the more expensive protein can 
be spared for grow1h. The protein sparing action of the carbobydcate in the .diet 
at 30% level was reported by Andrews et aI (1972~ in Penaeus azlecus. Sicl:: 
and Andrews (1973) found that 40% com starch in casein.:t:ased diets produced 
fastcc growth in P. duoranun. The carbobydrate requirements of the Indian 
white prawn /'. ilfdicus are not koown. With a view to fioding out the 'effect of 
dietary cariloI!ydcaIe level. on 1be growth and food convenioo of P. intiicus, th,! 
.,resent study had been carried out. Since Abdel Rahiman et al (1979) had 
reported that the polysaccharIdes like starch. dextrin and glycogen gave better 
growth. along with disaccharides, in P. japolliCIIs, starch was selected as the 
source of carbohydrate in the p resent study. 
MAT ERIAL AND METHODS 
Fat-free casein was obtai ned from Centron Laboratories, Bombay. Gelatin 
used in the diets was obtained {rom B.D.H., and starch from Merck. Sardine 
oil and refined groundnu t oil were locally purchased. The vitam in mixture was 
t,)bta ined fro m Roche P harmaceut icals; the m ine ral m ix ture was prepared in the 
laboratory. Cellulo,. powder was procured from Joh nson Chemicals, Bombay. 
, , 
,\1 1 
Preparta i')Jr vJ till' dicf.\ 
Four purlfi ed diets (CI. C2, C3 and (4) werc formulat ed u; ing c",cin, 
gelatin. starch. a mixture of s ardin~ oil and rcfin~d groundnut oil (in 
ra tio I : I J .Thc starch con tent was varied from 10 to 40~, ill the d ie t' C I tn 
C4 . Cellulose powder wa; used as the non-nutrient filler. Vitamins and min~ral, 
were incl uded in all the feeds. No extra binding material was uged since all the 
die ts contained gelatin and starch · The protein content in all the diets was kept 
approximately at 35 %. By virtue of variation in the carbohydrate content, the 
protei n carbohydrate ratio varied from 3.5 to 0 .92 in th e diets from CI to C4 
while the carbohydrate caloric ratio changed fro m 2.079 to 8.831. n,C pcreenl -
ag~ composition of the: diets is given in table l. 
The starch and the gelatin were dissolved in 80 ml (for 100 g of die t) 
of water and cooked in to a pa <;te. while the other ingre'dk~l1lS were scpar3tcl) 
• 
•• 
TABLE I . PucenJage compositiolr of the diets . 
Casei n 
Gelatin 
Oil " 
Starch 
Ingredients % 
Vitamin and mineral (mix ""J 
Cellulose powder 
. Total 
ProximaJe composition ~ On dry basis 
Crude protein 
Lipid 
Carbohydrate (Starch) 
Ash 
C, 
30 
06 
06 
10 
03 
45 
100 
35,75 
6.00 
10,0 
4.0 
4.81 
3.50 
Diets 
C, C, 
30 30 
06 06 
06 06 
20 30 
03 03 
35 25 
100 100 
33,25 37.62 
6.00 6.00 
20.0 30.0 
4.25 4.03 
4.79 4.66 
1.75 1.25 
C. 
30 
06 
06 
40 
03 
IS 
100 
36.75 
6.00 
40.0 
6·25 
4.53 
0.92 
Calorific value (K eal ;g) 
Prolein carbohyd rate ratio 
Carbohydrate caloric ratio 2.079 4.166 6.437 8.g3 1 
Th e oil used consists of a mixture of fish oil (Sardine) and groundnu! oil 
in the ratio I : I. 
The mineral and vitamin mix ture : Eovery 500 g consis ts of Vitamin A 
6,25,000 l.U : Vitamin D'. 62,500 I.U; Vitamin E , 250 I.U; Vitar in B:! , 
100 mg, Calcium. 121i.0 g: Phosphorous, 90,0 g, Copper. 1·25 g, 
Io(i"n :l<; iodat..:. 0 .'2:' g. \ 1anganes-.:- 1.00 g. Cobal! 0 .10 r and Zin.:: 0.50 g. 
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f",wd<red ond po"ed through 0 30-me,h ,in'" anu added to the po,te. The mix-
tu re wo, thcn thoroughl) homogeni,ed and pa',ed through a 3mm-diamete, 
,·xtruder. The extruded part Wa> dried in an electric oven at 65 ± 2' for 12 h, 
and ,tored in o;r tight pla't ic containers unt il use a, diet. 
The crude prote in of the diet wa, determined b) Kjcldahl method and 
th e calorific value WJ' determ ined u,i ng bomb calorimeter. 
Freding rxperimenls 
Ju,,'niks of P. indiclO from th e sam(' brO\-xi. r~ared in th~' prawn cul ture 
laboratory of CMFRJ , Narakal , were randomly ,elected and used in the experi-
men:, .. Th e average initial kngth w", about 27 mm and weight 0.1 g. 
Th e ·animals were stocked in 3'~iamet()[ coIlapsabie plasllic pools with 
300 I sea water, fi ltered through boItingsilk.. In eadl pool, 20 animals were kept. 
with two repl icates for cad! Ireatmc<lt. Aeration was provided intermittently in 
all the pools. Th e water in the pools was oIlaoged every six days. 
Feeding was done at the rate of 25% of the body weight per day, to 
stan with. But subsequently, feeding was adjusted, to 15 to 10% of the body 
weight per day, acrording to the left over food . Feeding was done onoe a day, 
in th e eveni ng. The feedi ng experiment was carried out for a period of 30 days. 
The salinity of the water was maintained at 16 ± I", throughout the 
experimenL The temperature ranged between 26°C to 27°C and the pH of the 
waler varied from 7.9 to 8.0 during the experimental period. 
REsuLTS 
The results of !be feeding experiment are prc·seotcd in table 2. It can 
be seen that the growth of the pr&WIIS, both in length and weight, gradually in-
creased (from 62.3% to 147.6%) with Ibe suooessive ioor~ in !be cari>o-
hydra:e level of the diets. The diet with 40% ~tarcb recorded the higl>est growth 
(fig. I curves A and B). 1'I)e food conversion efficiency io>prq>ved with the in-
crease in the dietary carbobydrate level up to 30% . There is a slight dedioe 
theafter. The percentage of survival is maximum (95%) at 40% carbohydrate 
level. 
The experimental data were subjected to statistical analysis and were 
analysed by the me thod of analysis of non-<>rthogonal data by fitting constants. 
For th is, the model used was: 
Yijk = I' + 0i + bj + (ab)ij -i- eijk 
Where Yijk is the length ort he Kth indiv;uml in thejth replicate or the i~h 
diet level. 
,\ 1 I 
a l Ih ~ offecl of ilh diel bel. 
bj _ Ihe effecl of /h replle,llc . 
( ab )IJ I hI..' in ,,-,raet i(lr: cfleel 
Cijk .~ random t:rror eOmpl)r.cn t. 
The analysis ; ~ summarised in labk 3. Il can tA· 5{.'"("1l that t.h ~ interaction 
i, highly significant along the treatmenls and replicalions. indicaling thaI trcal-
mcnh and rcpl icatl..'''' arc not indcpc-ndcnt. Th3.1 i~. thcr(' i, a differential rcspon'i\: 
to trc.atmcnt\;\ over the replications and vice versa. From individual mean com-
posilion , il is observcO thaI treatments significanlly differ among thcmse!\'\.,> . 
diels C3 and C4 scoring over C1 and C2. Thus therc is increase in growth with 
the increase in carbohydrate \cvci in the diel (P < 0.01) from C1 to C4 . 
n,C resuJt, ai'll indicale thaI the low prolein carbohydrale ratio and 
high carbohydrate caloric ratio produ"" higher growth rales (Fig. 2. curves 
C, D. E. and F) and survival and improve Illc food conversion efliciency of the 
diet. 
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DiCl\ 
C, C, 
Initial Il h.':ln le ngth ( rum) 27.05 17. 37 
I nina l J\'l'ragc ",dgllt (g) 0·105 0. 105 
Final ml'3n length (mm ) 31.01 32.68 
Final 3\'crage w.:-ighl (g l 0 .170 0. 169 
PC'.rcC'ntag~ incrl!ao;.(' In le ngth 1.1 .70 19.30 
Percentage increase In we ight 62.30 61.0 
P\"".rc{' ntag~ survival 72.5 87 ·5 
Food conversion" 11.15 5.55 
Weight of food consumed 
" Food COn\lC'TSIOIl 
live weight gain 
TABLE 3. Statistical analysis: ANOV A 
Source 
Feed levels 
Replicate 
Treatments 
Errors 
Degrees of 
t:reedom 
J. 
I 
3 
129 
Sum of squares 
5.5. 
233.561 2 
14.971 8 
187.8687 
811.3187 
x X Hig!lly significant (P < 0.01) 
DISCUSSION 
( , C. 
"7.40 27.87 
O. I O~ 0.105 
33.43 34.62 
0. 193 0.260 
21.90 24.30 
~~ . 20 147.60 
82.5 95 .0 
4.07 4.25 
~ean squarc 
77.8537 X X 
14.9718 X X 
62.6226 X X 
6.2893 
The increase in the carbohydrate level in the diets enhanced the growtll 
in pral\llS. Th is mal' be due to the protein sparing action of carbohydrate 10 
which th e increased levels of carbohydrate in th e diet might have provided largcr 
quantum..:; of energy required for the metaboEc acti vities of th e animals; whik 
morc and more protein had becD spared for growth . Thc cn hanced growth at 
higher level s of carbohydrate might be responsibl e for better food conversiol. 
lalues. A t the lower levels of carbohydrate in the diet, th e aminals might be 
deriving thc m('labolic energy part!) from protein, th us accounting for ks~rr 
growth evcn though I h ~ protei n and lipid levels 10 the d iC't~ at 10\\,('; and highc!" 
cJ.rb~)h~ drat\:' levels Were the same. ~ 
20(, All 
Th ... · diC't \1,11 11 40 \"( c3Iooh~drat ... , prooucl'd th l.' h jgh~ ~l growth \\hich i. 
ollx imum k,d ,""ed. A ndrl''''' l'1 a1 (1972) have rcponcd that 30" ' larch in 
th ... · olel ga\· ... ' h ... ·Ul'r growth and ~par ... 'd protein in the diet in P. a:JecIiJ. Sid. :lnu 
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ratio 
Andr ... ' \\" (1973) lound thai 40 ~( corn ""arch in the cascin-hascd diet-. pro-
duced faqcr grO\\ th in P. dlloraruJII. The results obtained in thl' prescnt stud~ 
on P. irulicuJ arl.2' in agreement with the se finding: ~. 
-nl(, p~rformancl' of the diet can bt.:" improved b) reducing the protein 
carbohydrate ratio. A, indica(,'d in the present study (Fig. 2 curves C and D ). 
it can h.: Ie " Il,]n unit~ . That j,. the carbohydrate level in the diet can lx: :1' 
much a .. that of thl' pwt('in or l'\~n more' . ThL' gro\\1h of pra\\n ", al .. o gmduaJh 
(·WHl}lI) DR·\ II 0'" GRO\\ Til 0 .. PR\\\ ~ 2U7 
:n.:r~'a"l.:d \\ jlll th\.· InCfl' J'~' in carboh) Jral l.' calorie ratio (Fig. ~ curves E and 
F) . The,,, rdation,hip' indicate th"t b) increasing the carbohydrate level (up to 
~() r( 1 in the diet. the prn!e in can b~' 'pared and the calorific value o[ the d l ~·t 
can hI.' mJinla inl'd and Ihu ~ imprm I.' thC' overall pcrformancC' of the diet. 
Th l~ grO\\ th of prawm oblainl.'u with purifi ed diet, in th e present quJy 
( 1 Ji.h r , ) i, h.l\\ \.·ompJr~d If'! tin: ~rnwth ohl,l in ~J in the lJhordtof) c}..p~' I'1-
m~'n t .. In r . illdicw (413 (( 10 690 ';( ), "ith fccd ~ t'ompoum.kd with natu r.ll 
I n~"d i,' nt' reported earli:r b) the author (Ahamad Al i 1980), Similar infer ior 
growrh \\a s reported in prawn, with purified diets prepared using casein, amino 
acid. mi\lUre ' and peptide, b) Kanazawa. et al (1970). Sick et al (1972) and 
J)",hi maru and Ku roki (197~ c, 1975 a and b) . 
Th,' usc of cellulose polHler as a non-nutrient filler in purified diets 
appears to afTeet the palatabilit) o[ the diets fo r prawn s in the present study. 
The maximum leve·ls of cellulose that can be used in the purifi ed diets without 
affecting the palatability need, further investigation. 
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COMPOU:\DED FEEDS FOR POSTLARV AL REARI~G 
OF MARI~E PRA \\:\5 
SYED AHA~IAD ALI AND M. G. SIVAD-\S 
Nara ld,al Pra \.\n Cul lulC laboratOr~ of CMFRI. Cochin-682505 
Ava ila bility of applopriate fe.d has 
been the main constraint for rearing 
th e various stagE's of pr awn larv ae. 
Thi s is largely ovelcome by the use 
of live feed cultures But the main-
tenance of thes e live feed cultures 
require specialised technica l inputs. 
labour and time. Compounded feeds 
have been tri ed fo r rearing pr awn larvae 
with varied success in d ifferen t countries 
of the wOlld Attempts are being made 
to develop compounded feeds fOI 
reering d ifferent stages of prawn at the 
NPCl. One of the successful feeds 
developed for the post-larval rearing 
has been desc ribed here . 
Several feeds were prepared and 
pelietized with protein contents ranging 
from 30 to 60:'-.. using clam meat. 
gloundnut oil cake . fish meal. mantis 
shrimp (squilla) . trash fish . veast and 
cassava (tapioca) . The feeds wore 
p re pared by mixing drV- powdered 
ingredients with 50% water and steaming 
for 15 minutes. The homogenised wet 
dough was extruded in 1 mm diameter 
pellets and dried in oven at 70:t 2' C 
for 12 hours . The dry pellets are stored 
in pol v thene bags . By keeping the 
mois tu re content be low 1 O~~ . th e feed s 
could be stoled for a period of six 
months . 
Us ing th ese feeds sPvf!r al experi-
ments were conducted in which Over 
1.50.000 post larvae of Penaws indicus 
were st ocked and reared in 24' dia . 
poo ls. Among the feeds tested. th e 
fe ed PLF - 3 consisting of mantis shrimp 
20%. prawn wa ste 20% . groundnut 
oil cake 30~~ . fi sh meal 10% and casc; ;wa 
20% with a protein content of 368:; 
gave the bes t perfolmance in te lms 
of growth and survival The postlarva e 
were reared using this feed from PL, 
to PL,. with a survival rate of 90.3% 
and the larvae had grown from an initia l 
average lel/gth of 60 mm to a fin al 
average length of 18.0 mm. Feeding 
was done at the rate of 100% of th e 
body weight for the first two days 
and it was gradually brought down to 
10% of the body weight finally . The 
cost of prepara tion of th e feed was 
approximately Rs. 2/- per kilogram The 
details of the experiments conducted 
and the results obtained using ' this fe ed 
ale illustr ated in the posters . 0 
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PRELIMINARY OBSERVATIONS ON THE DISTRIBUTION AND ABUNDANCE OF 
THE SWARMING CRAB CHARYBDIS (GONIOHELLENUS) SMITHII MACLEAY IN 
THE DEEP SCA TIERING LAYERS ALONG THE WEST COAST OF INDIA 
c.P. BAlASUBRAMANIAN AND C. SUSEELAN 
Celilral Marille Fisherics RCSCllrch Instillll e, Cochill-682 031 
ABSTRACT 
Results of a preliminary study of thc distribution and abundance of Ihc swarming crab ChQrybdis (G<miohcll,rtlJ.s) smilhii 
MacJc.ly in thc Deep Scattering Layers on thc wcst coast of India 3rc presented b3scd on thc analysis of 244 IK..\H Solmplcs 
(011('("100 by FORV Sagllr ~mpa~ during February, 1985 to January, 1986. The swarming crab Is found to exist thoughou t 
Ihc wcst coost of India as again!'! it .. known distributional limit in thc north uplo I3hal1.::.311n KarnatJka coast. Maximum 
denSI ty was oh<;('rvcd along the southwC51 coost. The DSL population included all life stages of Ihc crab such as zoea, 
mcgalopa, juvenile, subadult and adult, of ..... hlch juveniles in the size range 12-20 mm carapaC(' width dominatoo, 
I NTRODUCfION 
The swarming crab Charybdis (Con iohellenus! 
smithii Macleay is an endemic species to the Indian 
Ocean where il has been reporled lrom Ihe Arabian 
Sea and of( Soulhcosl Africa as Charybdis smithii 
Mac1eay and Charybdis (C.) edwardsi Leene and 
Builendijk (Della Croce and Hollhuis, 1965; 
Sa nkaronkuliy and Rangarajon, 1962; Silas, 1969; 
Mohamed and Susedan, 1973). Recently il has also 
been encounlered in Ihe Bay of Bengal during Ihe 
fishery-occonogrpahic cruises of FORV Sagar Sam-
pada. nle correct systematic position of the species 
was ascertained only recently in an exhaustive revi-
sion of Ihe porlunid crabs by Slepl10l\son (1972). 
In Indian walers Charybdis (C.) smithii is con-
sidered 10 be a polenlially imporlanl deep sea crab 
occu pying Ihe ouler shelf and upper conlinenlal 
slope regions. 11 is of len found swimming in large 
numbers in the oceanic waters, Considering the 
commercial prospects of this species, a detailed in-
vestigation on its biology and resource characteris-
lies has been laken up recenlly based on Ihe collec-
lions of FORV Sagar Sampada. In Ihe presenl paper 
the results of a preliminary sfudy of the distribution 
illld abundance of this crJb in thc DL'CP Sc"Ucring 
Layers (DSL) of( Ihe wesl coasl of India arc given 
logelher wilh noles on Ihe biology of Ihe crab popu-
lation occurring in the DSL So filr no study has been 
carried out on these aspects in any part of the world 
in gen('r .. 1 and in th(' Indian r:EZ in p.1rlicul;lr. 
Mt. TERIAl A""'O MEn-laDS 
The malerial for Ihe sludy was oblained from 
Ihe I5<1acs-Kidd Midwaler Trawl (lKMT) collections 
laken by FORV Sagar Sampada during her fishery -
oceanographic cruises from February, 1985 10 Janu-
ary, 1986. The IKMT collections were laken in Ihe 
Deep Scallering Layers which occupied deplhs uplO 
aboul600 melers from Ihe surface. Each haul was of 
30 minules duration. A lolal of 244 IKMT samples 
were analysed for Ihe crabs covering Ihe enlire wesl 
COSI of India belween Laliludes 07°00'N and 23°30'N 
and Longiludes 64°30'E and n OOO' E. The dislribu-
lion of lKMT hauls in Ihe study area is shown in 
Fig. 1. 
The crab population of each sample was com-
plelely sorled oul and measuremenlS of Ihe carapace 
widlh (c. W.) were recorded ",xwise 10 Ihe nearesl 
millimelre for all specimens excepl larval slages 
whose numerical abundance alone was recorded. A 
tot .. 1 of 1,542 specimens were measured comprising 
of both sexes. The measurements of carapace w('re 
grouped into 2 mm size classes SC'xw;$(' for studying 
the size frequency distribution. Sexes were sepa -
raled based on Ihe shape of abdomen and Ihe num-
ber of p1eopods present in it. 
OBSERVATIONS 
Spatial distribution and abundance 
Oul of Ihe 244 samples 01 midwalcr colleclion 
analysed from Ihe enlire west coasl of Ind ia, 59 
samples contained the sw.-.rming (f,lb in vilrying 
